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MORGANTOWN COKE WORKS, MORGANTOWN, W. VA.; JOANNE COAL 
€ p Steel—Alloy Strig eel—High Carbon St Steel—Galvanite Special Coated Products—Cooperage Hoop 


DISTRICT SALES OFFICES: Chic 





ж no springs 


¥ clapper type solenoid with 
extra low current consumption 


The safest air valve ever designed for con- 
trolling industrial presses! That's the new 
ROSS "SAFETY VALVE," developed after 
months of research in cooperation with 
safety engineers. This valve establishes 
new standards of safety. 

In addition to the revolutionary con- 
struction features, the “Safety Valve” has 
fast operation, positive seal, non-corrosive 
metal parts, ful-flo orifice, economy, long 

AUSS life, easy maintenance, compactness. The 
valve is available in 4” to 1 4” pipe size. 
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D.O. Day is here! The production pattern on aluminum 
is rapidly changing from civilian to defense. 

Whether your products are for civilian or defense pur- 
poses we suggest that you keep in close touch with 
Revere. So long as government regulations permit and 
aluminum is available, Revere will take the best possible 
care of its regular civilian customers. Defense work is 
increasing rapidly, however, and Revere is taking its 
share of D.O. rated orders. As you know, they take 
priority and are, of course, causing some difficulty in 
maintaining scheduled production on other work. 

Revere is an independent fabricator of Aluminum 
Coiled Sheet, Extruded Shapes and Drawn Tube. With 
multiple sources of supply for its raw materials, Revere 
is ready to take care of the increasing volume of D.O. 
rated orders for its products. And the Revere Technical 
Advisory Service is always ready to help you with your 
production problems. 


"Fer Up-Te-The-Minute News On Aluminum, Keep In Touch With Revere.” 


REVERE ALUMINUM рар à. 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. / 
Mills: Baltimore, Md.; Chicago and Clinton, 11L; Detroit, Micb.; — 
and Riverside, Calif.; New Bed‘ord, Mass.; Rome, N. ¥ 
Sales Offices f in Principal Cities. 


SEE “MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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Reinforced Plastics by Richard J. Francis 


A special report describing this new and important group of engineering materials. Wide range 
properties is obtained by combining various resins and reinforcements. 


Analysis of Quadric-Chain Mechanisms by Harry Miller. . . 


An accurate method of calculating the velocity and acceleration of moving linkages 


Beryllium Copper Parts Designed for Investment Casting by John T. Richards 


Evaluation of investment cast parts designed to take advantage of the properties of beryllium copper 


The Tensile Forces in Tightened Bolts by A. H. Sung . 


A survey of existing data on bolted connections along with recent test results 


Vacuum Systems for Industrial Apparatus by N. R. Maleady 


Three charts simplify the selection of pumps and piping for large volume vacuum systems 


Product Designs 


Russian T-34 tank; Casting machine timing control; Self-energizing hand brake 


Operating Principles of Some Liquid Flow Meters by Howard W. Cole, Jr... . .. 


Schematic diagrams illustrate how different flow measuring devices operate 


Telephone Type Relays—Arc Suppression and Contacts by V. E. James... . 


Characteristics, ratings, and applications of contacts made of different materials and alloys 


Electrolytic and Chemical Finishes 


New developments and trends plus a comprehensive chart analysis of common inorganic finishes 


High Stress Fatigue of Aluminum and Magnesium Alloys by T. T. Oberg and W. J. Trapp 


Stress-cvcle diagrams for aluminum 14S-T and 75S-T6; also magnesium AZ80 and ZK60 


Highlights Engineering Abstracts Meetings 

This Month's Cover Technical News 2 Our Readers Say 
Available Materials New Parts and Materials í Where Can I Get It 
Editorial New Catalogs and Bulletins 202 New Books 
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When you specify Mallory Capac- 
itors for television receivers of 
other equipment where heat is a 
problem, you can be sure they will 
stand the test. Mallory FP Capac- 
itors are designed to give long, 
trouble-free performance at 85° 
naturally they give even longer 
service at normal temperatures 
In addition, Mallory FP Capacitors 
ire famous for their long shelf life 
Write for your copy of the FP 


( apacitor Engineering Data Folder. 


P.R. MALLORY & CO. Inc. 


Precision Production 
pays off again 
in “shelf-life” demonstration 


When a large radio and television manufacturer found 
it necessary to fall back on a supply of two-year-old 
capacitors, they found that every one of the Mallory 
Capacitors was ready for immediate use — without 
re-working of any kind. Because of the scrupulously 
careful manufacturing methods pioneered by Mallory, 


they were completely free of corrosion. 


Mallory Capacitors have consistently set new high 
standards of dependability which far exceed normal 


specificat ions. 


That’s service beyond expectations ! 


SERVING INDUSTRY WITH 


Electromechanical Products 


Resistors Switches 
TI Tuners Vibrators 
Electrochemical Products 
Capacitors Rectifiers 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA Contacts 


Mercury Dry Batteries 


Metallurgical Products 
Special Metals 
Welding Materials 


PRODUCT ENGINEERING Fesruary, 1951 





ieblights 


METALLIC MATERIALS 


LAMINATES of copper and aluminum are turning 
outto bethe answer to many electrical terminal 
problems, now that aluminum conductors are 
gaining popularity. Applications include clips. 
bushings and terminals. Composite material 
eases joining of aluminum and copper tubing. 


CARS OF THE FUTURE may have many of the de- 
sign features of an experimental 300-hp engine 


_.-. recently built. Interesting fea- 
A tures include: Cast aluminum cyl- 
"777, inder block, cast iron cylinder 

4 Ww ^ liners, high-tensile bronze fly- 
a. wheel, nickel-chrome steel intake 


and sodium-cooled exhaus* valves, 


PRE-SHAPEDSTEELS cold-drawn in a variety of 
special sections are available in analyses suit- 
able for many applications. Material grades in- 
clude standardSAE and AISI carbon steels, case 
hardened steels, standard mild steels and free 
cutting machine steels. 


TWO NEW ALLOYS of titanium are available as 
ingots, forged rods, and drop forgings. One com- 
position containing 5.0 percent each of aluminum 
and chromium exhibits a strength-to- weight ratio 
which exceeds by a wide marginthat of SAE 1010, 
Steel, 303 stainless and 24ST. 


COPPER, while it lasts, is tiding over some 
plants were shortages of other metals exist. 
Brazed copper is replacing tin-bearing solder, 
and electrolytic copper is displacing cadmium. 


A STAINLESS STEEL resistance bell welded to 
flared projections of copper rotor bars in indus- 
tion motors plays same role as a 
starting resistor ina wound rotor. 
Opposite ends of the bars are 
welded to a low-resistance iron 
ring. Thus, high temperature 
coefficient of stainless gives the 
combination a variable resistance. Motor 
reaches speed of 3, 600 rpm ina sixth of a second. 
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In this summary of technical developments, space restrictions do not 
allow giving complete details. Further information relating to any 


item can be obtained by writing to the Editor of Product Engineering 


NODULAR CAST IRON appears to be a good bet 
for use in gears. One authority points out its 
vibration damping and bearing qualities, as well 
as its capacity for being twisted, bent and flame 
hardened are a few of the reasons why this ma- 
terial substitution may become prevalent, 


STRUCTURAL PARTS made of titanium alloys 
are already under test. One project involves a 
complete wing assembly for a supersonic guided 
missile and another program concerns the entire 
aft section of a jet fighter plane. 


NONMETALLIC MATERIALS 


UNWOVEN COTTON laid as a mat in a new phe- 
nolic laminate provides uniform strength in all 
directions. Plastic can be punched, turned, 
drilled or threaded and made into a variety of 
parts including gears, cams and bobbin heads. 


AIRBORNE EQUIPMENT requiring rubber com- 
ponents might well incorporate a special neo- 
prene-base compound that is 
Lt stableat -87 F and resists ozone 
3 d and petroleum products. Molded, 
р) 9: extruded or punched parts can be 

Amt% made to meet individual specifica- 
ai ` N ^ * tions. Ause is in grease seals. 


9 


PRINTING INK for use on sheet and molded poly- 
thene is mixture of alkathene and polyisobutylene 
in a compound vehicle to which pigments are add- 
ed, Inkis suited to rotogravure and screen print- 
ing or can be used as a lacquer. 


GLASS FIBER filter paper is claimed to be 5, 000 
times more effective than existing filters, and 
key to miniature condensers that withstand tem- 
peratures above present-day limits. Paper can 
be made by unskilled personnel. 


THE ETHOXYLINE RESINS are a remarkable 
family. Three basic types, bonding, casting and 
surface coating, are available in several different 
groups. Adhesives are useful for bonding metals 
(continued on page 7 





® Rejects cut 70% 


Like so many manufacturers, Globe-Union, Inc., received substantial rewards 

in a hurry from a simple switch to Plaskon Alkyd Molding Compound. 

In their television high-voltage capacitors, the outstanding electrical properties 

of this quick-curing-plastic reduced rejections 70% when the parts were 

submitted to a high-voltage breakdown test. This manufacturer also reports: 

“Very appreciable labor savings have resulted from the use of Plaskon Alkyd” 
“Plaskon Alkyd has at least doubled the productive capacity of molding 


equipment"... "The life of molding dies has been increased." 


Again... faster, more economical production of an improved product — 
thanks to Plaskon Alkyd. Again...important evidence that it might pay you 


well to investigate Plaskon Alkyd in relation to your product. 


New bulletins giving complete details of the many 
important properties of Plaskon Alkyd Molding 


Compound are nou available. Write for them now! 


mold it better and faster with 


PLASKON DIVISION * LiBBEY* OWENS* FORD GLASS COMPANY ) 
2126 Sylvan Avenue * Toledo 6, Ohio yl 
In Canada: Canadian Industries, Ltd., Montreal, P.Q. 
j Y 


Branch Offices: Boston, Chicago, New York, Rochester, Los Angeles 


N 


Manufacturers of Molding Compounds, Resin Glues, Coating Resins 
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to glass or ceramic; thermosetting liquid type 
is found in electric motors and transformers. 
Casting resin is an efficient potting agent for 
high-tension electric components. Coating is 
finding its niche as can liners and insulating 
varnishes of various types. 


SOLVENTLESS VARNISH, which hardens when 

away from air, has several practical applica- 

tions. It bonds metals and fabrics, stops pipe 
leaks, makes castings non-porous 
and locks nuts on bolt threads, 
thereby doing away with lock 
washers. Heating of the joint to 
about 200 F completes curing in 
a matter of minutes. 


ELECTRICAL LAMINATE has been designed for 
minimum power loss at 60 cycles. Material is 
made of a coarse weave fabric bonded with arc 
resistant resin, is easily machined and punched, 
and can be molded to a variety of shapes. Comes 
as sheetup to an inch thick in natural color with 
a finish classified as semi-gloss. 


COMPONENTS 


SPRING MOTOR has constant torque character- 
istic. Coiled spring, which deflects but a small 
portion of its length at a time, is back-bent be- 
tween two spindles. Motor appears applicable to 
cameras, time recorders, automatic reels, anti- 
backlash mechanisms and balancing devices. 


SELECTOR SWITCH is reportedtohavea "zero" 

resistance of only 0.0001 ohm. Of the overlap- 
ping type, unit can be assembled 
to give contact from single-pole 
12-position to six-pole 12-posi- 
tionoperation. Low-levelcircuit 
ratings are one ampere at 100 v, 
five amperes continuous duty. 


IRON- POWDER CLUTCH ratedat40 Ib-in. out- 
put static torque has been designed for servo- 
mechanisms and devices in which output speed 
must be proportional to input current. Below sat- 
uration point of the iron powder, the torque-ex- 
citation characteristic is linear except in the 
vicinity of zero excitation. 


NAMEPLATES made of aluminum foil are backed 
with an adhesive that bonds them permanetly to 
any smooth surface, Available in five different 
colors, the strips are useful on parts that are 
subject to corrosive atmospheres. 
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THREE VARIABLE CAPACITORS for electronic 
equipment cover range from 0.3to 11.0 mmf. Of 
the tubular pistion type, these trimmers deliver 
when rotated a uniform change in capacity without 
backlash or vibratory disturbance. They have Q 
of more than 1,000 at one mc and are stable in 
range from -55 to +100 Centigrade. 


THE MAGNETIC CLUTCH has added another ap- 
plicationtoitslist. This time it's inautomobile 
brakes. An iron dust-light oil ribbon a twenty- 
fifth of an inch thick is maintained between brake 
rotor and drum. A push-button controls energy 
to a magnetic coil in the drum. 


MINOR MISALIGNMENT of shafts can be absorb- 

ed by a thrust bearing of interesting design. 
Bearing floats in an incompres- 
sible, but resilient ring, of plastic 
that is supported in a recessed 
housing. Lubrication problems 
associated with the spherical 
housing are thus overcome. 


HYDRAULIC PUMP hasaone-piece cast alumi- 
num body, which permits high internal pressures 
and minimizes leaks. Such pressures range up 
to 18, 000 psi in various models of the foot-oper- 
ated pump that can be coupled to ram units of 
from four to twenty tons capacity. 


PROCESSES 


THIN PLATED COATINGS applied to aluminum 
alloys after zinc immersion in alkaline solution 
are more corrosion resistant than heavy depos- 
its; latter tend to blister. Silver, brass, nickel 
and chromium can be electroplated directly on the 
zinc, but it is better practice to make a copper 
strike prior to this operaffon. 


DROP HAMMER and stretch forming techniques 
can be applied to magnisium alloy FS-la heated 
- to 650 F without affecting 
strength. Tests were made on hot 
rolled and annealed stock ranging 
in thickness from 0.040 to 0.125 
in. Dataonthe FS-lh show a loss 
of strength at 325 Fahrenheit. 


COST of producing high-purity chromium has 
been reduced, thanks to a recently-perfected 
electrolytic process. Current efficiencies as 
high as 60 percent are obtained with precise 
control of the pH factor for a chromium sulphate 

(continued on page 9 ) 





"Scaife 


REVERSE-DRAWN SHAPES 


To: SAVE WEIGHT 
GAIN STRENGTH 
REDUCE COSTS 


Made by the revolutionary reverse-draw process, 
Scaife deep-drawn metal shapes have the improved 
physical properties, desirable uniformity of wall 
thickness and other characteristics that are impor- 
tant in reducing weight and increasing strength. 
The process is ideal for pressure vessels, for other 
deep-drawn shapes such as rocket and missile bodies 
and tubes, and for a great variety of containers and 
enclosures. A brief description of the process is 
given below. Scaife engineers will be glad to work 
with manufacturers using or planning to use deep- 
drawn shapes. 


Starting with a circular sheet 


of steel 


a cup is formed by a conven 


tional draw:ng operation 


A continuation of this press 
ng operation turns the cup 


inside out" without remov - 


ng it from the dies 


#35 
completing in a single 
stroke a deep-drown 
shape having remarkably $ 


uniform wall thickness 


The Scaife Reverse-Draw process is suitable for 
the production of shapes having cross-sections that 
are circular, oval or rectangular. They can be made 
with one end completely closed and with the other 
end flanged or straight. Shapes up to 36 inches 
maximum diameter can be formed of ferrous and 
non-ferrous materials, with wall thicknesses uf 
to !4 inch. 


PRODUCT ENGINEERING — FEBRUARY, 1951 





solution. Cell feed consists of a concentrated so- 
lution of chromium ammonium alum, 


JET ENGINE RINGS made of titanium are being 
Successfully flash butt welded on a mass-produc- 
tion basis. Bar stockis heated to 
1,600 F, welded with 750 kva 
equipment, reheated to the same 
temperature and then sized on ex- 
panders. Operations must be 
rapidto minimize oxidation. With 
carbide tools, machining speeds exceeding 300 
fpm andfeeds of 0.012 in. per rev can beused, 


BY DESIGNING the she?t metal tanks used in 
large transformers for multiple-weld mass pro- 
duction, considerable assembly time has been 
saved. Toobtainthe shape and construction de- 
sired, four differenttypes of welding are used-- 
flash, seam, spot and projection. 


BURRScan be removed by wet tumbling in a rub- 
ber-linedbarrelatlesscostthanby hand, Tech- 
nique can also be used for burnishing operations 
prior to plating. Parts, which can weigh as 
muchas 15 Ib and be 24 in. long, include castings 
made from zinc, aluminum and magnesium al- 
loys, as well as steel and wrought alloys. 


TESTING 


IMAGE ERRORS in lens systems can be reduced 
to two computable factors for each ray passing 
through the system. When one error is eliminat- 
eda symmetrical image is formed; when both are 
corrected, a sharp image appears. Lens de- 
signers can thus learn the limitations of a new 
system while it is still on the drawing board. 


CONTAMINATION in lubricating oils can easily 
be detected automatically with the help of an 
"electric eye" system, The light beam is passed 
through the oil film and regulated to give warn- 
ing when an excessive amount of foreign matter 
is present. 


THE LONG HOURS now requiredto analyze hun- 
dreds of feet of tape-recorded test data can be 
drastically reduced. A photographic, continuous 
contact printer does the trick. The original 
strip is driven slowly pasta slit of light. Shadows 
of the curve traces are cast and printed on a sen- 
sitized strip that moves bythe slit at a rate 10 to 
20 times faster than first strip. The time base 
is thus compressed without disturbing the height 
or amplitude base of the curve. 


HUMAN-LIKE SPEECH is being created ina ma- 
chine that simulates lungs, voice tract and mouth. 
Measurements made from X-rays 

@ of the human voice tract were the 

` basis for the design of equipment 
"быш that has an energy source, a loud- 
Га speaker and networks of series 
- inductances and shunt capacitors. 


VOLTMETERS that can literally be kicked around 
are under test. The delicate mechanism "floats" 
on a rubber ring that is mounted in a circle at 
rear of the hermetically sealedcase. Instrument 
will be handy when taking readings on equipment 
that is subject to vibrations. 


TUBE TESTER for on-the-job checking of TV, 
oscilloscope and other industrial cathode ray 
tubes is on the market. In addition to being a 
handy lab tool, portable instrument simplifies 
tube checks in production or in the field. 


THIS MONTH’S COVER 


With one exception, every product shown is molded of polyester resins rein- 


forced with some form of fibrous glass—mat, cloth, or preform: (1) Induction 
pinion gear heater (this is the exception—melamine as well as polyester is used) 
made by National Electric Coil Co. (2, 3, 4, 5) Corrugated lighting panels made 
by the Alsynite Co. and the Corrulux Corp. (6) Armature end shelf molded for 
Reliance Electric mine motor, by Molded Resin Fiber Co. (7) Kickboard molded 
in halves and cemented by Structurlite Plastics Corp. (8) Casting rod made 
by Horton Bristol Mfg. Co. (9) Refrigerator drip molded by Structurlite Corp 
(10, 11, 12) Delivery boxes made by Henderson Box Co. and Federal Carton Co. 
(13, 14) Sections of washing machine basket molded by Apex Electrical Mfg. Co 
(15) Breaker strip for deep freeze unit molded by South Bend Tool and Die 
Co. (16) Safety helmet made by the E. D. Bullard Co. (17) Refrigerator 
evaporator pan molded by Molded Resin Fiber Co. (18) Outboard motor shroud 
molded by the General Electric Co. is dent-proof, lighter in weight, cooler to the 
touch and less noisy than metal housings. (19) Sterlizer housing made by the 
Sparton Co. (20) Forty-inch underlid for dry Coca Cola cooler molded by 
Molded Resin Fiber Co. (21) Vaporizer (case and cover of glass-polyester) molded 
by Sparton Company. Kodachrome by Hans Basken, McGraw-Hill Studios. 
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Was take it for 


We don't know the reason, but somehow chains seem 
to be taken for granted. If a chain for driving, timing or 
conveying has operated reasonably efficiently, that 
same chain is specified year after year. Yet, case after 
case shows that important savings can be made if 
these important functions are viewed with an eye for 
cost reduction and improved performance. For example: 


@ A manufacturer had been using a standard roller chain for years on his machine. A 
Rex Field Sales Engineer showed him that he could use a Baldwin-Rex Double Pitch 


Roller Chain l and get the same operating efficiency at 


a substantial reduction in cost because speeds did not require standard roller chain. 
@ Another manufacturer had been using conventional flat top chain to carry cans 
through his machine. It was necessary to pay a premium for special bevel top plates to 
avoid tipping of cans. By switching to Rex TableTop® § 

even smoother tip-free operation at far lower cost. 

@ A business machine manufacturer, faced with the need for more accurate timing, 


consulted his Rex Field Sales Engineer and switched from leather belts to the smallest 


roller chain— 14-inch pitch Baldwin-Rex No. 25 а 


accomplished his objectives. 
@ In carrying material through a scalder, a manufacturer had been using conventional 
steel chain. By switching to Rex Cast Pintle Chain, 


he not only cut his costs but the chain lasted far longer. 
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granted? 


@ In another instance, a Rex Field Sales Engineer persuaded a manufacturer to switch 

from the pin-and-cotter roller chain he was using to a Baldwin-Rex Riveted Roller 
The change not only resulted in an initial cost 

saving but in longer life since the rivets have greater holding power. 

@ To a manufacturer of construction machinery, who had been using cast manganese 

steel chains, a Rex Field Sales Engineer recommended the use of Rex Steel Chabelco 

Chains. Since these chains are designed for efficient 


operation under dusty, dirty conditions, longer service life for both chains and sprockets 


at lower overall costs resulted. * i+ 
Cha j yt e COMPANY 


OF MILWAUKEE 


Because Rex Field Sales Engineers have all the re- 
sources of a complete chain line at their command, 
they can recommend without prejudice the exact type 
or size of chain that wil! deliver the most efficient per- 


formance at the lowest cost to you and your customers. ®) BALDWIN- REX 


You'll find it will pay you fo consult with him regarding 
your chain application problems. Call or write your 


Field Sales Office, or mail the coupon. REX CHAIN & TRANSMISSION DIVISION 


Milwaukee 4, Wisconsin 


BALDWIN-DUCKWORTH DIVISION 
CHAIN BELT DISTRICT SALES OFFICES Springfield 2, Mescachucette 
Atlanta Dallas Los Angeles Pittsburgh 
Birmingham Denver Louisville Portland 
Boston Detroit Midland St. Lovis 
Buffalo Houston Milwaukee San Francisco 
Chicago Indianapolis Minneapolis Seattle 
Cincinnati Jacksonville New York Springfield 
Cleveland Kansas City Philadelphia Tulsa 


Chain Belt Company 

1715 W. Bruce St., Milwaukee 4, Wis. 

Gentlemen: 

I am particularly interested in 

Please send descriptive literature. 

REX STOCK-CARRYING WAREHOUSES 
Atlanta Milwaukee Seattle 
Dallas Portland Springfield 
Los Angeles San Francisco Worcester 


DISTRIBUTORS THROUGHOUT THE WORLD 


Сотору. . 2...0... оос ° 


Address 
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@ The widespread use of triple-alloy steels containing Nickel, chro- 
mium and molybdenum is based on extensive experience in widely 
divergent engineering fields. 

It has been found that they can be counted on for consistent per- 
formance. The depth to which full hardness is developed is com- 
parable to that attained by other alloy steels. Their response to 

heat treatment is dependably uniform. 

Moreover, the wide range of compositions available, makes 

it possible to select accurately suitable alloy steels for a broad 

range of applications. 
Inquiries regarding the selection and uses of triple-alloy 


steels containing Nickel are invited. 


THE INTERNATIONAL NICKEL COMPANY, INC. „нен 
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lah the P. 1 V. 
i gives you all these advanta 


in a variable speed drive 


Self tooth-forming chain 
grips toothed wheels posi 
tively without slippage— 
gives the speed you need at 
any setting. 


Easy-view speed indicator 
facilitates speed selection 
and adjustments to meet 
all requirements. 


You can get minute speed 
changes and maintain 
them accurately while 
operating under full load 


An infinite number of 

positive, stepless speed 

adjustments may be made 

with manual, electric, 

pneumatic or hydraulic 

controls. 
All-metal, totally enclosed— 
unaffected by atmospheric 
conditions. All vital operot 
ing parts splash-lubricated 
from a common housing 
reservoir. 


ALL INDUSTRY USES P.I.V. 


(Ср Ше on the advantages of the P.I.V.—the only variable speed 
drive not dependent on friction for the transmission of power. This 
compact, all-metal precision unit provides the most accurate infinitely 
variable means for using machines to maximum capacity for the job at 
hand. It can be operated manually or automatically while running 
under full load. The Link-Belt district office nearest you is equipped to 
supply complete, detailed information on variable speed transmission 


LINK-BELT COMPANY Chicago 9, Indianapolis 6, Philadelphia 40, 
Atlanta, Houston 1, Minneapolis 5, San Francisco 24, Los Angeles 
33, Seattle 4, Toronto 8. Offices, Factory Branch Stores and Dis 
t ibutors in Principal Cities. x 
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Can this clue 
to quality be found 
S EF, 


on your 
product ? 


NN quality? X marks the spot... 


pm . . . . r 
Yes! a PHILLIPS SCREW PHILLIPS SCREWS, with their identifying X formed 


by the cross recess, are recognized on sight as a mark 

of quality in well built products. The general public 

knows that Phillips Cross-Recessed-Head Screws make 

E c d products stronger, better looking. 14 million readers of 

"RR = The Saturday Evening Post are being told that when it 
comes to assurance of quality, X marks the spot. 


These screws cut driving time up to 50%, set up 
tighter, resist vibration. They are distinctively designed 


to give maximum strength of head, maximum driver 
Part of the series of h. The "Main: Е Iriver skids and li niin 
Md Mi c DAS qn strength. ley eliminate driver skids and split screw 
Phillips Screws appeor- heads. Whether vou use Phillips wood screws, machine 
ing in The Saturday o н кы buaid а Баш bus 
Evening Post. screws or tapping screws, you build a better product 


and you save time, work, money. 


\ PHILLIPS сосен SCREWS 


X marks the spot... the mark of extra quality 


AMERICAN SCREW CO. * THE BLAKE & JOHNSON CO. * 
CENTRAL SCREW CO. * CONTINENTAL SCREW CO. * ELCO TOOL & SCREW CORP 
GREAT LAKES SCREW CORP. * THE H. M. HARPER CO. * NATIONAL LOCK CO. * PARKER-KALON CORP 
PHEOLL MANUFACTURING CO. * ROCKFORD SCREW PRODUCTS CO. * SCOVILL MANUFACTURING CO 
SHAKEPROOF INC. * THE SOUTHINGTON HDWE. MFG. CO. * WALES-BEECH CORP 


CAMCAR SCREW & MFG. CORP 


D A 


HE FUTURE 
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standard .]. . 


LINK-BELT Bearing Blocks 


protect and lubricate all moving surfaces 


To give you longer bearing life and extended lubricating 


schedules, Link-Belt Ball and Roller Bearings are Housing-Sealed 
ill moving surfaces are completely 

enclosed and centrally lubricated from a large common 
reservoir. And only from Link-Belt do you get this important 
advantage on ball as well as roller bearings. 

There's a Link-Belt Bearing Specialist near you. Or you 


can get full engineering information in Data Book 2550 
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Ball and Roller Bearings 


LINK-BELT COMPANY: Indianapolis 6, Chicago 9, 
Philadelphia 40, Atlanta, Houston 1, Minneapolis 
5, San Francisco 24, Los Angeles 33 
Toronto 8, Springs (South A 


, Seattl 
Offices, Fa 
Branch Stores and Distributors in principal cities 
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Doehler-Jarvis First ...ss изил 


One-Piece Die Cast Garnish Mouldings 
for the 1951 Kaiser 


DIE CASTING IS SO RIGID that only two screws are 
needed on the long base. 


anc i. 
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STYLING IMPROVEMENT—rigidity also permits place- 
ment of top screws through unexposed edge. 


Reprinted from 
Kaiser-Frazer News 


Die casting may be the answer to your prob- 
lem, just as it was for the Kaiser-Frazer 
Corporation in the production of garnish win- 
dow mouldings for the 1951 Kaiser. The same 


Doehler-Jarvis research, engineering, and 
3 


ONE-PIECE DIE CASTING gives better fit — reduces 
development possible are available to you. assembly time. 


DOEBLER-JARVIS CORPORATION 


The Worldi Largest Producer and Ginisher of Die Castings 


mass-production facilities which made this 


PLANTS AT: TOLEDO, OHIO + POTTSTOWN, PA. * BATAVIA, N. Y. * GRAND RAPIDS, MICH. + CHICAGO, ILL. 


EXECUTIVE OFFICES: 386 FOURTH AVENUE, NEW YOR 16, М. Y. 
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Like Everything Else, These Are Counted by 


VEEDER-ROOT 


Name it and you can count it...trees, Cars, 
people ... and many other units that are 
difficult to count in any other way than 
with a Veeder-Root Hand Tally...on which 
you simply press the thumb-lever once 
for each count. 

And in addition, there are many other 
Veeder-Root Counters which count me- 
chanically and electrically in any terms or 


units you want. But if you want to count 
up to a real payoff, then build V-R Coun- 
ters into your machine ا‎ as orig- 
inal equipment. How to do it? Write and 
find out: 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONNECTICUT 


Greenville, S. C. è Montreal, Canada è Dundee, Scotland * Offices and agents in principal cities 
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NOW- MORE VERSATILE THAN EVER 
to meet more of your design needs! 


M 


~ 


Ө) ACA * 


Simplest, lowest-cost way to get 
stepless adjustable speed directly 
from a-c power is with the General 
Electric Type ACA motor. Now to 
increase its already inherent versa- 
tility—new optional features and 
modifications have been developed, 
enabling it to meet even more of 
your specialized design needs. They 
include standard gear unit for low 
adjustable speed, Warner magnetic 
brake, pilot motor for remote con- 
trol, simplified control without speed- 
regulating secondary resistors, and 
fixed-speed pre-setter—mechanical 
or electrical—with trip-slowdown 


ADJUSTABLE 
SPEED 


MOTORS 


provision. All but the control are 
motor-mounted. 


New applications for the ACA mo- 
tor with speed pre-setter, for ex- 
ample, include offset printing presses, 
bindery machines, planer-feed-roll 
drives, punch presses, fan drives, 
can-sealing machines, conveyor 
drives, mixers, and many others. For 
any specific design application you 
may have in mind, more data will be 
supplied gladly. Meanwhile, send 
for Bulletin GEA-4883 on ACA mo- 
tors. Apparatus Dept., General Elec- 
tric Company, Schenectady 5, N. Y. 


ACA gear-motor—A single, compact 
unit designed for low adjustable speed— 
is easily controlled remotely by a motor- 
mounted pilot motor. Here, three ACA 
geor-motors drive a junior bleach range 
in a textile mill 


a Fon 
D-c magnetic stopping brake is added 
to 10-hp ACA motor driving a flatbed 
letterpress. Motor starter is in upper case. 
Excitation panel in lower case provides 
adjustable stopping torque for brake. All 
control is press-mounted. 


Speed pre-setter, on this 3-hp ACA motor 
driving an offset press, automatically 
trips and slows motor in case of faulty 
feed. After feed has been adjusted and 
trip lever reset, press quickly accelerates 
to pre-set speed automatically. 


GENERAL QD ELECTRIC 
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PORTABLES ON PARADE! 


Handy review of 
measuring instruments 


Now General Electric makes it 

easier for you to select the measur- 

ing instruments you need for field- 

testing products, for research work, 

and for checking your machines’ 
performance. Here, in one comprehensive new 48-page book, 
is a condensed guide to all G-E portable instruments for a-c 
and d-c measurements. Contents, arranged for easy reference, 
give full information on each type, including uses, accuracies, 
dimensions, scale-marking data, construction details, and list 
prices. See Bulletin GEA-1784. 


STANDARD- OR 
POCKET-SIZE! 


Surface roughness scales 


Assure the uniformity of ma- 

chined surfaces, especially on 

parts made by several sub- 

contractors or different plant 

departments, by means of Gen- 

eral Electric surface roughness scales. A quick, easy way for 
machine operators and inspectors to check surface finish by 
sight and feel, it eliminates unnecessarily fine finishes, reduces 
rejects due to insufficient finishing. Available, in addition to 
the standard set shown (see Bulletin GEC-572), is a pocket- 
size version (see Bulletin GEC-311). 


FOR USE ANYWHERE 


Fractional-hp 
manual switches 


Here’s a small, compact switch—as simple 

as the one that snaps on your home lights 

that incorporates long-life, easy-installa- 

tion features most wanted by industrial 

users. It’s General Electric’s hand-oper- 

ated motor-starting switch for fhp motors, made for mounting 
on or near all types of machines, for use practically anywhere. 
Enclosures include general-purpose, dust-tight, water-tight 
types, plus types for hazardous areas. Thermostatic bi-metallic 


strip and heater provide positive overload protection. See 
Bulletin GEA-2234. 
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PRODUCT 
HIGHLIGHTS 


When push-buttons are “built-in” — 
Specify 
G-E UNITS FROM A WIDE RANGE 


Remember this when your product design calls for just the right 
“built-in” finishing touch: General Electric makes a push-button 
unit for almost every purpose! Available are general-purpose and 
oiltight units, standard-duty and heavy-duty types, front-con- 
nected and back-connected wiring, and extra-long, mushroom-type 
or illuminated buttons. To widen your possible combinations, you 
can choose from single- or double-pole units, single- or double- 
throw contacts, and a variety of selector switches, indicating lights, 
and interchangeable nameplates. See Bulletin GEA-4254. 


Single-pole, double-throw, gen- Single-pole, double-throw, 
eral-purpose push-button unit tight push-button unit 


5 


Heavy-duty indicating-light unit 
with built-in resistor 


oil- 


Single-pole, double-throw, gen- 
eral-purpose selector switch 


p^——------------------ 


General Electric Company, Section C 668-87 
Apparatus Department, Schenectady 5, N. Y. 
Please send me the following bulletins: 
A for reference purposes 
& in connection with immediate projects 
C GEA-1784 Portable instruments 
D GEA-2234 Manual fhp switches 
O GEA-4254 Push-button units 
O GEA-4883 ACA motors 
О ФЕС.311 Pocket roughness scales 
О ФЕС.572 Standard roughness scales 
CONSULT YOUR McGRAW-HILL ELECTRICAL CATALOG FOR 
PRODUCT ENGINEERS! You'll find "everything electric" for 
machinery monufacturers in the General Electric section. 




















tote box 

tray 

shipping container 
trough 


instrument case 


tool chest 

foot locker 
refrigerator locker 
laundry basket 
machine housings 
machine guards 
truck body 

trailer body 


luggage 

laundry hamper 
medicine cabinet 
file cabinet 
telephone booth 


waste basket 
garbage pail 
kitchen cannisters 
duds 


rods 


helmets 
radomes 
shelters 


structural panels 


boat hulls 


' sinks 


baby carriages 
light reflectors 


A P d 


арн 


etl ea 
nhat shape is your product іп? 


Be it large or small... simple or complex... 


» 


There's a new raw material . . . Cyanamid's LAMINAC? Resin . . . which is replocing 
steel, iron, aluminum, glass, wood ! 


Laminac lets it be shaped with ease... 


with or without pressure, with or without heat . . . which means you can 
produce giant-sized parts at a fraction of the toolage costs required to form 
metals (spinning, deep-drawing, etc.) . . . and all in one piece! 


with various reinforcing fillers . . . such as glass fibers, paper, jute and or- 
ganic fibers, to produce parts having a range of properties, and a range of 
surface effects. 


Laminac gives it these sales-making properties... 


light yet strong. Lighter than aluminum, yet weight for weight, stronger than 
steel. For example, the housing for a portable air compressor now molded in 
LAMINAC weighs only 50% as much as its metal predecessor. Another case: 
Engineers designing a 9-foot-diameter photometer estimated that it would weigh 
3500 Ibs. if cast in iron. Molded in LAMINAC, it weighed just 700 Ibs. 


impact strength. So high that LAMINAC has been used to make bullet-proof vests! 


all kinds of resistance. Weather . . . salt water . . . exhaust fumes . . 
engine heats . . . household detergents . . . rot. . . rust . . . sunlight 


ee rs tte dee Mem oce ceres 


color, cleanliness. Color is molded in, goes through from surface to surface 
Can't chip, crack, peel. No refinishing needed. Whether the surface of the finished 
product be dull or glossy, it's easily washed clean. 


Are you designing a new product? Redesigning 

an old one? Want to tell us about it? LAMINAC 

may well help you make it lighter, stronger, more o9 "AD 
appealing sales-wise . . . and, particularly if it's C mad z 

a large part, or one now requiring complicated 

assembly, perhaps much more inexpensively. Or, 

if you would like to know more about this extra- 


ordinary new raw material, write for your free AMERICAN Ganamid company 


copy of "The Story of LAMINAC Resins”. Today! 
PLASTICS DEPARTMENT 


32C ROCKEFELLER PLAZA, NEW YORK 20, N. Y 


In Canada: North AMERICAN CYANAMIO LIMITED 
Royal Bank Building, Toronto, Ontario, Canada 





CHOOSE BLACKHAWK 


for your product 


Electric Power-Packer 


Here's the dependable answer for electri- head. Only four mounting holes. 
cally-operated hydraulic control of imple- 4 
ments and attachments. Uses а 6- volt 
standard automotive starter-motor for power. 


Port is 
N.P.T. for use with Blackhawk equip- 
ment hose. 

SPECIFICATIONS 


Speed—Lifts the load three times faster P-247 


than hand-operated pumps 


MODEL 


Normal Operating 
Pressure (P.S.1.) = 
Maximum Intermittent 
auto Pressure (P.S.I.) 


still Reservoir Capacity - 


(Closed Reservoir) 
Reservoir Capacity 
(Vented Reservoir) 166 cu. in 


For use with 6 volt D. C. Systems 


P-248 delivers 70 cu. in, of oil per minute at 
2500 p.s.i. with power drain of 660 watts; or 
another example, it delivers 50 cu. in, of oil. per 
minute at 5000 p.s.i. with power 815 
watts. Weight 58 lbs. 8 oz 


(Electric pump-head is available as separ- 


P-248 


5000 2500 


Remarkable Efficiency means low battery 
drain. Tests show ordinary 6-volt 
battery (without rest or charging) 
operating after 150 average lifts. 


10,000 5000 


105 cv. in 


, 105 cv. in. 


Positive Displacement means no slippage 


under varying temperature and load con- 
ditions. 


166 cu. in 


Control is simple, precise! It lifts and 
lowers at any desired speed — and holds 
the load, too. 


drain 


Quiet, Smooth Operation— no peak loads 


on the battery — thanks to the balanced 
4-piston wobble-plate pump. 
Simple Installation —It is a complete pack- 


age — pump, reservoir, valve and electric 


Hand-Operated Power-Packer 
(Double-Acting) 


Specified as "standard" by hundreds of 
equipment manufacturers. No other hand 
operated pump equals its sales records. 


SPECIFICATIONS 


MODEL P-60 


Maximum Pressure 
(P.S.1.) 


Displocement per 
stroke (Cu. In.) 


P-63 


5000 2500 


Diameter of 
Pump Pistons 


114 cv. in. 
closed 
231 cv. in. 
vented 


114 cv. in. 
closed 
231 cv. in. 
vented 


Reservoir 
Capacity (Cu. In.) 


Weight 30 Ibs. Has 4" МРТ. Рогі. 


Also available without reservoir for in- 


tegral mounting. 


Hand-Operated Power-Packer, Jr. 
(Single-Acting) 


The low cost of this refined, compact 
pump series permits hydraulics on a 
broadened range of equipment. 


SPECIFICATIONS 


MODEL P-146  P-147 


Moximum Oper- 
ating Pressure 
(P.S.1.) 


Displacement 
per Stroke 


P-148 


6000 5C00 


__ 0 


115033 .19635 | .37122 


Diameter of 
Pump Piston 7/16 


Handle Effort ot 
Maximum Pressure 


y” nne” 


57 lbs. 61 Ibs. — 58 lbs. 


Reservoir ў 
Capacity 45 cu. in. when closed 
Weight 14 Ibs. 7 
port bushed to 1⁄4 


oz. Has &" N.P.T. 
N.P.T. 


See Sweet's Product Designer's File 


ate unit for converting P-60 and P-63 Pow- 
er-Packers from hand-operation to electrical 
operation in the field. It's easy because 
reservoirs of hand-operated and electrically- 
operated units are identical.) 


Power-Driven Power-Packer 


Pump, valve and reservoir are in one 
package ... eliminating expensive piping 
and installation problems. The pump 
has the same characteristics found in the 
popular P-104 Pump (opposite page) 


SPECIFICATIONS 


MODEL P.219 


Capacity of G.P.M. 

ot 900rpm __ L 
Maximum Intermittent 
Pressure (Р.5.1.) 


Normal Operating 
Pressure (P.S.1.) Е 


Recommend Speed 
Range (rpm) 
Reservoir Capacity 
(closed) 


Reservoir Capacity 
(vented) 


Weight 
34'' N.P.T. port. 


P-220 


1.375 1.375 


4000 4000 


2500 2500 


600-120 | 600-1200 


1 gol. z gal. 


2 gol. 1 gol. 


70 lbs. 521/3 18. 


YOU ARE INVITED TO WRITE FOR FULL FACTS — mentioning Blackhawk components in which 
you are specifically interested. Engineering counsel willingly furnished—in confidence. Blackhawk 


Mfg. Co., P. O. Box 613, Milwaukee 1, Wis. 
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YDRAULIC CONTROLS 


Scores of critical designers and buyers recognize that Blackhawk hydraulics 
create exclusive advantages for the engineering, manufacturing, sale and service 
of their products. Blackhawk has specialized in this field for over 25 years. 


VALVES 


15 H. P. 6-PISTON WOBBLE- » 
PLATE POWER -DRIVEN PUMP "VALVBANK" POSITIVE - SEALING 


This modern pump — No. P-237 — offers over-all effi- CONTROL SYSTEM 


ciencies above 90% — with no premium in price. Positive The V-28 valve is an open-center, 
displacement makes a wide range of pressures and speeds series-type precision-control valve. Hy 
practical. Delivers 3 G.P.M. at 1350 R.P.M. and 6000 draulically balanced, it handles up to 
P.S.I. with only 11.65 H.P. input. Following are charac- 6000 P.S.I. working pressures with 


teristics at maximum recommended speed and pressure for finger-tip actuation. Flow capacity up 
intermittent service to 6 G.P.M. A “Valvbank” can be 


made up in any combination of single 
Speed R.P.M. С.Р.М. Pressure H.P. and double-acting control units and 
2200 47 4800 P.S.I. 15 includes a relief valve. It is spring 


f t $ returned to the neutral “hold” posi- 
1750 3.9 6000 P.S.I. 5. tion, providing “deadman control 


Weight — 40 Ibs. All ports are !?" standard pipe thread 


SELECTOR -TYPE CONTROL VALVE 
5 H. P. TWIN - PISTON The V-66 precision control valve is 


POWER -DRIVEN PUMP for use up to 4000 P.S.I. and 2.5 


Th tive-displacement P-104 pump G.P.M. Available in "bank" style like 
е Sitive-dis| ете > х 

is Anus for the amazing perform- the V-28. Compact. Normally recom- 
ance it achieves with its low-cost mended for use with the P-104 power- 


design. засы for pressures up to driven pump. Handle remains in se- 
4000 P.S in intermittent operation. ч > X 
ye RPM. it delivers 1.375 lected position until manually returned 


G.P.M. at 4000 P.S.I. with 5 H.P. Has % N.P.T. posts. 
input 
SPECIFICATIONS 
Recommended maximum pne 4000 P.S.I SINGLE-ACTING POSITIVE CONTROL 
for intermittent use 2500 P.S for continuous use 
Capacity (at 900 R.P.M), 1.375 G.P.M VALVE 
Speed (at maximum pressure) minimum, 600 R.P.M.—Recom- An open-center, spring-returned, sin- 
led, 900 R.P.N Maxim 1200 R.P.M, (Maximum speed Rle-acting control valve. Simple con- 
e exceeded with reduced pressure) struction—low cost—rugged. The V-15 
includes a cushioned lowering device 
= which also allows connection of valves 
Over-all dimensions: 5% (including shaft) : f , 
Weight: 18 Iba, 4 oz in series for multiple ram control. For 
light return loads, the V-16 affords 
less restriction in returning oil, but 
can be used in the control of only one 
ram — handling up to 2.5 G.P.M 
maximum flow and 4000 P.S.I. oper- 
ating pressure. All ports are ?$ МРТ 
bushed to 4" N.P.T. for use in sys- 
tem that has small volume. Weight 
—6 lbs. 12 oz. 


The integral safety valv normally set 500 P.S.I. above working 
pressure 


AUXILIARY VALVES 


Blackhawk offers a long line of Blackhawk Valves are also available 
standardized single-acting rams. for remote release and relief purposes, 
Exclusive, leakproof designs. Spe- adjustable throttling, manual shut-off 
cial single or double-acting rams and safety pressure-release. 

are produced on quantity orders. 


HYDRAULIC 
EQUIPPED 


BLACKHAWK “= 
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АЧИН а‏ خش کے اھ 


RCA PROJECTOR IS GEARED FOR 
ECONOMY WITH MOLDED DU PONT NYLON 


Nylon plastic gears cost 1/3 to 1/5 as much as former gears... 
give superior performance ... last over 3 times longer! 


“...ап excellent example of the right 
material in the right spot." That's 
what RCA says about these nylon 
gears, used to drive the projector 


Lighter in weight, yet more durable than form- 
er gears, nylon gears are injection-molded 1's 
inches in diameter with 48-pitch teeth. They 
are used in the drive revolving at 1440 r.p.m. 


24 


intermittent in their RCA 
16-mm. sound film projector. 

To begin with, mass production 
with injection-molded nylon enables 
RCA to make these gears at 1/3 to 
1/5 the previous cost—a substantial 
saving. And nylon’s resilience per- 
mits gear tolerances to be increased. 
Smooth-running nylon absorbs vi- 
bration . . . provides a quieter, more 
efficient gear drive that requ‘res no 
lubrication. With all these outstand 
ing properties, the nylon gears oper- 
ate over three times longer than former 
gears! 

Nylon plastic may well help you, 
as it has many other companies, to 
improve your product or effect sav- 
ings. Demand for nylon currently 
exceeds supply. However, we sug- 
gest you investigate the versatile 
properties of nylon for future appli- 


“400” 


cation. Experimental quantities are. 


available. For additional informa- 
tion on nylon and other Du Pont 
plastics, write: 

E. I. du Pont de Nemours & Co. (Inc.) 
Polychemicals Dept., Sales Offices: 
350 Fifth Ave., New York 1, N. Y. 

7 S. Dearborn St., Chicago 3, III. 

845 E. 60th St., Los Angeles 1, Calif. 
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ues HY-LOADS 


+ + 


LANGED RACES permit “R-WB” Type 

Hyatt Hy-Load Roller Bearings to 
locate shafts or gears or accommodate 
light or intermittent thrust in one di- 
rection. Used in pairs, they can locate 


shafts or accommodate thrust loads in 
both directions. 


The ability to locate shafts and 
handle light thrust loads is an added 
feature of this Hy-Load bearing. Its 
primary advantage is its ability to 


carry high radial loads. 


Hyatt Hy-Load Roller Bearings are 
adaptable for many bearing installa- 
tions. There are ten different types, 
each made in many different sizes to fit 
almost every application need. Write 
for your copy of Hyatt catalog 547 for 
complete information about Hyatt 
Hy-Load Roller Bearings. Hyatt Bear- 
ings Division, General Motors Corpo- 
ration, Harrison, N. J. 
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HYATT ROLLER BEARINGS 
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$n NEF 2 THREAD 


SIDE VIEW FRONT VIEW 


Design Standardization 
By Mallory 


effects real customer savings ! 


15/16" MALLOR Y 
MIDGETROL* 


Mallory goes beyond the basic research and development 
work which results in totally new products . . . and utilizes 


Electrical! characteristics. specially every opportunity to pass on to customers the savings 


designed for critical applications in 
television, radio and other circuits. 


loxdiared shafts sre knurled for Such is the case with the well known Mallory Midgetrol. 


ease in adjustment. Current-carry- Standardizing its diameter and shaft design resulted in cost 


ing parts provide 1500 volt insulation reductions for radio and television manufacturers. The 

TZ ا‎ АКЕ 
. 15%” diameter saves space . . standard molded phenolic shaft provides a combination 

henolic material eliminates me- 

EE ur hand knurl and screwdriver slot adjustment at no extra 

chanical noise. Precision-controlled 


i cost... and it is available with either 14” or 34’ bushing 
carbon element provides smooth i i 

tapers, quiet operation, accurate length. In addition, the Mallory Midgetrol occupies less 
resistance values, less drift in tele- space than larger controls, with no sacrifice in wattage rating. 


S а а 18, p . 
vision application That's service beyond the saie! 
*Trade Mark : ч 
Mallory’s electronic component know-how is at your dis- 


posal. What Mallory has done for others can be done for you! 
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Television Tuners, Special Switches, Controls and Resistors 


SERVING INDUSTRY WITH 


P.R.MALLORY & CO. Inc. Electromechanical Products 
Resistors Switches 
TV Tuners V ibrators 
Electrochemical Products 
Capacitors Rectifiers 
ү Mercury Dry Batteries 


Metallurgical Products 
R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA Contacts — Special Metals 
Welding Materials 
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ONE PIECE MOUNTING—Bushing and sheave 
go on together. Alignment is easy. Sheave is on 


right first time. 


This... Not This: 


JLL CIRCLE GRIP — Bushing split full length. 
Collor is separate, Shaft gripped full length 


around full diameter. 


POSITIVE DRIVE — Bushing is keyed to both 
shaft and sheave. No slipping. No sheared 


screws. No jammed bushings. 


USE FAST-MOUNTING llagic-bri] SHEAVES 


Full Grip... No Slip! 


np او‎ SHEAVE is the fastest 
mounting sheave you can buy. And 
you can demount it just as fast. It runs 
true, will not slip or jam. It always comes 
off easily without hammering, forcing, or 
distortion, 

Best of all it costs no more than an or- 
dinary sheave. Even if you don't change 
sheaves often, you should have Magic-Grip 
sheaves on every drive to eliminate the 
possibility of shaft and bearing damage 
when ordinary sheaves are hammered or 
pried on or off. Sizes 1 to 250 hp. 


WIDEST V-BELT LINE 

You can get everything you need for your 
V-belt drives from one reliable source. 
Allis-Chalmers offers the broadest line of 
V-belts, speed changers, and standard and 
variable speed sheaves in the industry. 
And you get the extra engineering skill that 
comes from having more industrial V-belts, 
installations than any other manufacturer. 
Get the 120 page Texrope Pre-Engi- 
neered Drive Manual 6956 from your A-C 
Authorized Dealer or Sales Office, or write 
Allis-Chalmers, Milwaukee 1, Wisconsin. 
A-3240 


Texrope and Magic-Grip ore Allis-Cholmers trodemorks. 


Serviced ... 


by Allis-Chotmers Authorized Deolers, 
Certified Service Shops and Sales Offices 
throughout the country. 


MOTORS — '4 to 
25,000 hp and up. 


CONTROL — Manvel, 
magnetic and combina- 
tion starters; push but- 
ton stations ond compo- 
ments for complete con- 
trol systems. 


PUMPS — integral 
motor and coupled 
types from % in. 


ALLIS-CHALMERS ^^ 
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UNION SILENT CHAIN 


ж 


UNION HEAVY DRIVE AND CONVEYING CHAINS 


UNION 
ROLLER CHAIN 
FLEXIBLE COUPLINGS 


UNION 
SILENT CHAIN 
FLEXIBLE COUPLINGS 


UNION CHAIN 
IS NEAR BY 


Suppose you need UNION 
Machine Finished Steel Roller Chain... 


...and are certain of the pitch, iength and sprockets required. 
Just write or phone your nearest Union Chain Stock Carrying 
Distributor listed on the facing page. He will make every effort 


to ship your requirements promptly. 


...ог suppose you need engineering assistance in the selection of 
a drive or a recommendation for a conveyor application. Talk 
or write to Union Chain's nearest district office as listed at the top 


of the facing page. You will receive unprejudiced, competent help. 


Unprejudiced because Union Chain makes all types of steel 
sprocket chains and is interested in providing each customer with 


the correct chain for satisfactory service at minimum cost. 


Competent because Union Chain representatives are qualified 
through experience to make sound chain recommendations 
whether the application calls for roller chain, silent chain or one of 
the various heavy drive or conveying chains. We suggest it might 


profit you to discuss your chain problems with us. 
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CALIFORNIA 

American Chain & Geor Co. 

C. A. Nicholas 
5511) Pacific Bivd 
Huntington Park 


GEORGIA 

H. F. Edge 
208 Walton Bidg 
Atlanta, Georgia 


ILLINOIS 
Union Chain & Mfg. Co 


Colif 


Jockson Blvd 


Chicogo, Illinois 


INDIANA 

Poul W. Huddlestun 
5745 Guilford Ave 
Indionopolis 20, Indiona 


LOUISIANA 

F. N. Johnston Co 
2207 Americon Bank Bidg 
New Orleans, Lo 


MASSACHUSETTS 
Transmission Engineering Co. 
Stanley Johnson 

6 Hartford St 


Newton Highlands 61, Mass. 


ALABAMA 

Mill & Mine Supply Company 
124 S. 20th Street 
Birmingham, Alabama 


ARKANSAS 
Service Supply Company, Inc 
20 North University Street 
P.O. Box 145, University 
Stotion 
Fayetteville 


CALIFORNIA 
Valley Belting & 
Equipment Co 
2309 Los Angeles St 
Fresno, Calif 
CONNECTICUT 
Motor Equipment Co 
Woll & Woter Sts 
Bridgeport 3, Connecticut 


FLORIDA 

Ellis & Lowe Co., Inc 
302-306 S. Morgan St 
Tampa, Florida 

Forquhor Mochy. Co 
720 West Boy St 
jacksonville, Florida 

General Equipment & 

Supply Co 

552 N. W. 5th Street 
P.O. Box 1470 
Miami, Florida 


GEORGIA 
Bearings & Drives, Inc 
515 Arch Street 
Georgia 
ja Mardwore & 
vpply Co 
307 N. Washington St 
Albony, Georgia 
Macon Supply Co 
Macon, Georgia 
Richmond Supply Co 
Auguste. Georgia 
John D. Robinson Co. 
13 Boy Street, West 
Savannah, Georgia 
M. Tull Metal & Supply Co 
285 Marietta St. N. W 
Atlanta 3, Georgia 


ILLINOIS 
Hogerty Bros. Co. 
923 S. Washington St 
Peoria 2, Illinois 

W. M. Hales Co 
Hillsboro, Illinois 

W. M. Hales Co. 
W. Fronkfort 


Arkansas 


Illinois 


UNION CHAIN REPRESENTATIVES 


MICHIGAN 
Union Chain & Mfg. Co. 
W. J. White 
Basso Bldg 
7338 Woodword Ave 
Detroit 2, Michigan 


MINNESOTA 

F. M. Bothke 

490 N. Snelling Ave 
St. Paul, Minn 


MISSOURI 
4. B. Flaherty 
5473 Delmar Bivd., Rm 206 


$t. Louis, Missouri 


West 10th St 
Kansas City 6, Mo. 


NEW YORK 

John B. Foley 
107 Tully St 
Syracuse, New York 


Mays & Gleason, Inc 
50 Church St 
New York 7, New York 


Potter & Dugan, Inc. 
29 Wilkeson St 
Buffalo, New York 


UNION CHAIN 


ILLINOIS 
Mid-States Industrial Corp 
2401 Eleventh St 
Rockford, Illinois 
Northern Illinois Supply Co. 
Carpentersville, Illinois 
INDIANA 
Diamond Supply Co., Inc 
616-24 N. W. Second St 
Evonsville, Indiana 
Service Equipment Center, Inc 
Indianapolis, Indiana 
The South Bend Supply Co. 
South Bend, Indiano 
KANSAS 
Bearing Service Co 
34! N. St. Francis Ave 
Wichita 2, Konsos 
W. A. Thomas Supply Co 
112-114 West Third St 
Pittsburg, Kansas 
KENTUCKY 
Sherman Bros Mill Supply 
222 South Shelby St 
Lovisville 2, Kentucky 
LOUISIANA 
Dixie Bearing & Supply 
o., Inc 
733 N. 21st St 
Boton Rouge, la 
Weoks Supply Co., Ltd 
Monroe, lovisiona 
Woodward Wight & Co., Ltd 
New Orleans, іа 
MARYLAND 
Hagerstown Equipment Co 
Maryland Ave. & 
Memorial Blvd 
Hagerstown, Md 
M. F. Mollond Co 
lee & Shorp Sts 
Baltimore, Md 
MINNESOTA 
Jurgens Company 
519 Clevelond Ave 
St. Paul 4, Minnesota 
MISSOURI 
Industrial Eqyipment Corp 
325 E. Walnut St 
Springfield, Missouri 
Teuscher Pulley & 
Belting Co 
801.805 N. Second St 
$t. Louis, Missouri 
Wildhagen Machine & 
Supply Co 
24 S. Third $t 
$t. Joseph 5, Missouri 
NEW JERSEY 
Burton. Supply Co 
390 Union Ave 
Paterson, New Jersey 


NORTM CAROLINA 
M. R. Sayder Co. 
304 E. Tremont Ave 
P. O. Box 3341 
Cherlotte 3, N. Carolina 
OHIO 
Fred W. Borrow 
3330 Mont ry Rd 
Cincinnati 7, Ohio 
Union Choin & Mfg. Co. 
F. H. Doirymple 
F. Smiley 
Marshall Bidg 
Cleveland 13, Ohio 


OREGON 
J. W. Minder Choin & 
Gear Co 
307 S. E. Hawthorne Bivd 
Portland 14, Oregon 


PENNSYLVANIA 

Devid Davies 
Р. О. Box 4 
Plymouth, Pa. 

F. R. Magill Company 
44 McKnight St 
Pittsburgh 20, Po 


Union Choin & Mfg. Co. 
John A Shoemaker 
Room 521 
Schof Bidg 
Philodelphio 2, Pa. 


STOCK CARRYING 


NEW JERSEY 

Mill Supply & Hordwore Co. 
285-289 N. Willow St 
Trenton 4, New Jersey 

Old Reliable Supply & 

Equipment Со 

Ihh S. & Newton Ave 
Comden, New Jersey 


NEW MEXICO 

Union Industrial Corporation 
112 East Mermod St 
Corlsbod, New Mexico 


NEW YORK 
Lourence Belting Co 
111 Chambers St 
New York, New York 
S. H. Pooley Belting Co. 
38 W. Seneca Street 
Buffalo 2, New York 
Tronsmotic Equipment Co 
1! North. Pearl St 
Albony, New York 
U. & $. Inc 
Lincoln Bank Bldg 
509 S. W. Street 
Syracuse, New York 
Ulster Foundry Corp 
20 St. James St 
Kingston, New York 


NORTH CAROLINA 

Piedmont Mill Supply Co 
P. O. Box 130 
Salisbury, M. Carolina 

OHIO 

Brubaker Geor & Mfg. Co 
Barberton, Ohio 

Cincinnati Transmission Co 
3330 Montgomery Rood 
Cincinnati 7, Ohio 

C. J. Edwards Company 
5005 Euclid Avenue 
Cleveland 3, Ohio 

limo Armature Works, Inc 
440 N. Main St 
limo, Ohio 

Mill & Factory Supply Co. 
317—10th St 
Toledo, Ohio 

Wilkof Hardware & 

Supply Company 

1100 Warner Road, S. E 
Canton, Ohio 

Winkle Electric Co., Inc 
701 Andrews Avenve 
Youngstown 2, Ohio 


OKLAHOMA 

C. F. Dagwell & Company 
816 W. Main St 
Oklahoma City, Okla 


The Union Chain and Manufacturing Company 


TEXAS 

Union Choin & Mfg. Co 
J. M. Costleberry 

E. T. Teol 

205 irwin-Keosler Bldg 
Dollas !, Texos 


VIRGINIA 

C. Arthur Weaver Co 
403 E. fronklin St 
Richmond 19, Virginia 

WISCONSIN 

Union Chain & Mfg. Co 

George M. Morris 
Room 508 
Wisconsin Tower Bldg 
606 W. Wisconsin Ave 
Milwaukee 3, Wisconsin 


SPECIAL Representatives 


NEW YORK 
Frank L. Allen 
82 Woll S 
New York 5, New York 


E. f. Gohon 
500 Fifth Ave 
New York, New York 


OREGON 

W. D. Hollingworth 
307 S. E. Howthorne 
Portland, Oregon 


DISTRIBUTORS 


OKLAHOMA 

Ore Reclamation Company 
30! N. Connell Ave 
Pitcher, Oklahoma 


OREGON 

Electric Steel Foundry 
Eugene, Oregon 

Fisher Bros. Company 
522 Bond Street 
Astoria, Oregon 

Industrial Machinery & 

Supply Co 

1410 Adams Avenve 
la Grande, Oregon 

industrial Steel & Supply Co 
North Bend, Oregon 


PENNSYLVANIA 

A. C. Supply Company 
1330 Federal Street 
Philadelphia, Pa 

Ace Bearing Company 
246 Hamilton St 
Allentown, Ра 

Ace Bearing Company 
P.O. Box 183 
1120 Wyoming Avenue 
Scranton 1, Pa 

$. $. Brenner 
2303 E. Philadelphia Street 
York, Po 

Industrial Supply Co 
451 Е. Brood St 
Hazleton, Pa 

Maximon Machine Co 
80! N. Logon Blvd 
Altoono, Pa 

Reilly Bros. & Raub 
44 N. Queen St 
loncoster, Po 

Transmission Equipment Co 
903 E. Carson $t 
Pittsburgh 10, Po 


SOUTH CAROLINA 

Crawford & Garner, Inc 
Greer, S. Carolina 

O'Brian Debnam Company 
213 Е. Evans $t 
Florence, S$. Carolina 

Southern Mill Supply Co 
Summerville, $. Corolina 

Thockston-Davis Supply Co 
828 Gervais Street 


Columbia, South Carolina 


TENNESSEE 

Hoyt N. Payne Co 
P.O. Box 942 
410 Е. Depot Ave 
Knoxville, Tenn 


FOREIGN Representatives 
ARGENTINA 
Stevens & Villosuso 
Munecos 110 
Tucuman, Argentina 
CUBA 
Central Machine & Trading 
Co., SA 
Llomporilla 208 
Havano, Cuba 
HAWAII 
P. S. Pell & Co 
88 S. Queen Street 
Honolulu, T. Howaii 
MEXICO 
Thomas M. Nevin Y. Cia. S.A 
Manvel Maria Contreras 58 
Mexico, D. F., Mexico 
PHILIPPINES 
The Edword J. Nell Co. 
1450 Arlegui St 
Monilo, Philippines 
PUERTO RICO , 
Manvoal, Poles, Jr 
P. O. Box 2969 
Son Juon 13, Puerto Rico 
SOUTH AFRICA 
Robins Conveyors (South 
Africa) Ltd 
Samkoy House 
Cor. Troye & Marshall Sts 
P.O. Box 4736 


Johannesburg, S. Africa 


TENNESSEE 

Tennessee Machinery Co 
114-19 Third Ave 
Nashville 3, Tenn 


South 


Tipps Engineering & 

Supply Co, Inc 
260 N. Front Si 
Memphis, Tenn 


TEXAS 
Allied Belting & Trons. Co. 
2614 Sylvan Ave 
Dallas, Texas 
Beacon Supply Co., Ine 
1825 Washington Ave 
Houston 10, Texas 
El Poso Machine Works, Ine 
1600 E. 4th St 
El Paso, Texas 
Greot Western Supply Co. 
l4th & Throckmorton 
Fort Worth, Texas 
Lloyd Electric Co. 
11 El Paso St 
San Antonio, Texos 
Overton & Mims, Inc 
2703 Main St 
Dollos, Texos 
Overton & Mims, Inc 
1307 Indiana 
Wichita Falls, Texas 
VIRGINIA 
Blue Ridge Hardwore & 
Supply Со. 
Bossett, Virginia 
Mill Supplies Corp 
South. Norfolk, Va 


WASHINGTON 

Electric Steel Foundry 
1327 Washington St 
Spokane, Washington 


WEST VIRGINIA 
Bluefield Hordwore Co 
Bivefield, W. Va 
Smith Steel Supply Co 
150 Peninsulo St 
Wheeling, W. Va 


WISCONSIN 
Dale Industrial Supply Co 
528 Forest St 
P.O. Box 867 
Wausau, Wisconsin 
Richord E. Ela Co 
744 Williamson St 
Madison, Wisconsin 
Spence Corporation 
2045 West St. Paul Ave 
Milwoukee, Wisconsin 


Sandusky, Ohio, U.S.A. 





DIE CASTING 


can switch you 
to lower costs 


and faster output 


Are you considering die casting for produc- 
ing those items that are in the blueprint stage? 
If not, you may be ignoring the very best means 
of making them economically. 


For die casting assures rapid production, 
saves material (by permitting thin sections), 
lowers weight without sacrificing strength, and 
reduces need for machining and finishing. 


Take this new front-operated Federal 
"Noark'' safety switch. Its design calls for a 
sturdy 3-position handle that not only snaps 
the switch on™ and "off", but holds the cover 
of the switch box closed until the handle is 
turned to 'cover open' position. A spring- 
loaded latch permits locking the handle to pre- 
vent tampering. 


Mount Vernon die casts this handle in one 
piece—complete with slot for latch, plus chan- 
nels and holes for assembling to switch interlock 
mechanism; produces it rapidly, and so “clean” 


that further machining is unnecessary. Result: 
time is saved, output increased, unit cost low- 
ered. 


Why not weigh the numerous advantages of 
die casting against your present manufacturing 
procedure—and consult with us? A switch to 
die casting may profit you all along the line. 


DIE CASTING CORP. 


MT VERNON NEW YORK 
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CALROD HEATERS 


“Simplest, easiest, and most reliable way 
to build heat into your product,” 
says Morrison Machine Co. 


This Morrison machine, built with G-E Calrod car- 
tridge heaters, accurately shrinks the fabric in warp 
and weft. Temperatures, controlled by thermostats, 
ore varied according to the fabric being shrunk. 


LIKE THE MORRISON MACHINE CO,, designers and 
builders of textile machinery, you may find that the 
simplest, easiest, and most reliable way to build heat 
into your product is with G-E Calrod heaters—tubular, 
cartridge, strip or fin. 

The Morrison Co., faced with the problem of build- 
ing intense, controllable heat into machines for shrink- 
ing textiles as they roll at high speed off the looms, 
picked G-E Calrod heaters. Here's why—- 

1. Use of G-E Calrod heaters cut machine manufactur- 
ing costs—workmen need only insert the heaters in 
the heating shoes and connect the leads. 

2. Use of G-E Calrod heaters increases customer accept- 
ance and satisfaction because the heaters are reliable 
and easy to operate. 

The trademark, **Calrod,'' famous for 24 vears, is a 
guarantee to customers that these heaters are designed 
to stand up under ‘round-the-clock schedules. Custom- 
ers can get maximum use of machinery and maximum 
output. 


The heaters are easily controlled by thermostats, 


Only a few minutes ore required to insert the 
cartridge heaters into the heating shoes, connect 
the leads, and fit the shoes over the blanketed 
cylinders of the shrinking machine. - 


Before You Design your equipment for repetitive 
manufacture, get together with the G-E heating spe- 
cialist in your nearest G-E office. He'll be glad to help 
solve your heating problems by selecting from our 
stock of heaters available in a wide range of standard 
sizes, ratings, and sheath materials. 


NEW, FREE CATALOG 


Write us on your letterhead for Bulletin GEC-1005A. 
And, if you'll also tell us about your heating problems, 
we'll send you application bulletins to help you select 
and correctly apply the right heaters to give you heat 
where you want it... when you want it... and in the 
amount you want it. Section 720-29, Apparatus Dept., 
General Electric Co., Schenectady 5, N. Y. 


QUIPPED wn 
с. NEW SELLING AID 


GENERAL ATER These labels, with a gummed 


which can be set for the desired temperature up to 750 F. CALKOD back to enable you to place 
* Registered Trodemork of Genero! Electric Co. them се теч machinery, 


GENERAL: 
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Whitney Roller 
Chains in single or 
multiple widths. 


Whitney Cut Tooth 
Sprockets for all 
types of chain. 


Whitney Roller 
Chain Flexible 
Couplings for 
positive yet flexible 
direct drives, 


Whitney Silent 
chains for quiet, 
high speed power 
transmission. 


in Simplifying Drive Designs and 


Reducing Power Transmission Costs 


WHITNEY CHAIN DRIVES 


Cost and performance records across all types of industry 
...on all sorts of equipment... prove that versatile 
Whitney Chain Drives not only simplify your drive selection, 
but reduce costs as well. 


For example — these quality drives will operate on long 
or short centers, drive shafts clockwise or counter clock- 
wise ... singly or simultaneously. And from the cost angle, 
remember that Whitney Chain Drives deliver full rated 
machine output without friction loss or slippage. Their alloy 
steel construction, to Whitneys’ renowned quality stand- 
ards, assure long service life with minimum maintenance. 


PLUS WHITNEY SERVICE — And Remember — Whitney 
Chain Drives . . . roller, silent, conveying chains, and cut- 
tooth sprockets . . . are carried in stock by a nation-wide 
network of more than 130 Whitney distributors. This 
fast local service saves you time, assures prompt delivery of 
your chain drive requirements. In addition, 15 Whitney 
field offices, strategically located throughout the country, 
are at your service to help you solve your power transmission 
problems. For Catalog or specialized Whitney field offices 
write: 


WHITNEY CHAIN COMPANY 


204 HAMILTON ST., HARTFORD 2, CONNECTICUT 
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BRING our BUILT-IN PERFORMANCE OF MOTORS AND MACHINERY 


e 
е > 
ج‎ 


K 








Applied to the B. M. Root Com- 
pany combination multiple saw 
ing and wood boring machine 
Style CXH, Arrow-Hart Type 
RA” Magnetic Starters, in con 


junction with the A-H Push-Pull 
Selector and Type N Disconnect 
Switches, afford simplified and 
dependable control in a minimum 
of operating space. The some 
combination of A-H Type "RA" 
starters with the A-H Disconnect 
Switch permits a small, unusually 
compact panel layout, 


E 





MAGNETIC 


. NEW TYPE'RA STARTERS 


JUST “2 THE SPACE 


PLUS ru PROTECTION 


HIGH ARC RESISTANCE 


Arrow-Hart “RA” Magnetic Starters and Contactors feature a new ther- 
mosetting molding compound in the base and hood. This alkyd, with an 
extremely high resistance to tracking, exceeds the arc resistance of the 
next best material by more than 50%. It does not support combustion. 


The tongue and groove design pictured at right provides individual arcing 


chambers around each contact. This full protection is only one of the many 


features that add up to outstanding performance in Arrow-Hart “RA” 


Magnetic Starters. For more of the story, see next page. 


AVAILABLE IN A FULL LINE -- Sizes 0, 1, 2, 3, and 4. 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY, HARTFORD, CONN., U. S. A. 





TYPE “RA” MAGNETIC STARTERS 


MAXIMUM | 
SAFETY 


All A-H Magnetic Starters and Con- 

tactors are designed for maximum 

safety. The view at right shows how T^ DT 

special protection is provided for | € | | { 
the Size 4 (50 to 100 H.P.). This bs TN 
unit is designed so that the arc fol- 

lows a controlled path, across and 

between the quenching and baffle plates. High heat-proof chutes 
enclose each contact. Contacts are shaped to produce a magnetic 
"blow-out" field within the arc fence. This field forces the arc in 

the correct direction for extinction. 


MORE FEATURES--IN '/2 THE SPACE 


In A-H starters and contactors an exclusive new “RA” balanced 
mechanism multiplies leverage and increases contact pressure. It 
is this same mechanism that accounts for the revolutionary small 
size of Arrow-Hart starters. Other features are: guided parallel 
closures to insure contact alignment; new, bigger contacts; im- 
proved magnet and coil; plenty of wiring room; and many others. 
Most important of all designers save valuable control space, 
reduce control equipment cavities, and cut material costs. 


A STARTER FOR 
EVERY REQUIREMENT 


Arrow-Hart Type “RA” Magnetic Starters 
and Contactors are available in a full line — 
Sizes 0, 1, 2, 3, and 4. For full particulars, 
write for. Form G-7005. 


flow PUSH - PULL 
SELECTOR SWITCH 


The new Arrow-Hart PPS Switch provides a single point of control for 
multiple-operation machines — eliminates gangs of push buttons, saves 


time, money, and space. Target sheets available to aid in plotting 
your requirements. 


WRITE TODAY FOR LITERATURE AND SPECIFI 


E UL 
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Simplify Your Access Pane 


2 мА. 


| and Door Assemblies... 


\ 


b! — N M 
" 


\ 
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шини! 


Fasten ther 
PN 


Fastening removable access doors and panels need not be a laborious and costly 
production or assembly operation—not if they're fastened with QUICK-LOCK. 

Designed for simple installation, QUICK-LOCK requires no special tools. It speeds 
up mounting and demounting detachable panels with only a 90? turn required to 
lock and unlock it in a jiffy. 

The flexible mounting and tapered stud makes QUICK-LOCK ideal for assembling 
curved sheets and insures a tight fit when locked. Stud is self-ejecting when unlocked. 
Minimum deflection is assured—only initial loads are carried by the helical spring. 
Solid supports take up increased loads. 

Industrial and agricultural equipment manufacturers would do well to analyze the 
cost-saving features of QUICK-LOCK's simple design. A good way would be to call in 
a Simmons Engineer and discuss the economy of a QUICK-LOCK installation as com- 
pared to your present fastening method. Why not send for him today? 


SIMMONS FASTENERS 


SIMMONS FASTENER CORPORATION * 1751 NORTH BROADWAY, ALBANY 1, N. Y. 
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to get the 
most for your J 
Tin | 
Die Cas 
$ MAKE USE OF THE DUCTILITY Doll 


Take advantage of the ductility of ZINC Alloys by designing 

parts for bending or forming after casting. This property. makes 

it possible to shape flanges, to bend hollow arms, to spin out 

undercuts, to upset projections or to twist parts of the casting formed at the die parting and — 

through 90^ or more. Whether the ZINC Die Casting be for dudum, eoomeentael to Gast. Eas -— 
E. : idis i ternal threads on the larger casting 

civilian or military use, the possibilities of cutting cost by form- E 

: í : are tapped, however, since casting 

ing difficult contours after casting should be fully explored. them would entail unscrewing of a 
The two ZINC Die Cast leading edges for the above auto- core in the casting operation. 

mobile sun visor are good cases in point. Since it was not eco- 

nomical to cast the outer - 

ends of these parts with 

proper curvatures to fit the 

car bodies, the ends are cast 

flat (see #1 at the right). 

In two subsequent opera- 

tions, performed at room 

temperature, the castings are 

shaped to the requifed an- 

gles—at low cost. 


рет ыс чый 


NP 77 9 


© CAST EXTERNAL THREADS For additional cost-saving sugges- 


tions ask us—or your die caster—for 
a copy of “Designing For Die Casting.” 


Specify cast threads for ZINC Die 
Castings wherever their use reduces 


cost over that for cut threads. External The New Jersey Zine Company 
threads can usually be cast with econ- 


160 Front St., New York 38, N. Y. 
omy, but internal threads should be T Р 


tapped for lowest cost. The two mat- 

ing castings illustrated here require 4 
threads for assembly to form a drill 

handle. The external threads on the 4k 


smaller of the two castings are readily "5 FOR DIE CASTING ALLOYS 


Тһе Research was done, the Alloys ` were developed, and most Die Castings are based on 


"HORSE HEAD SPECIAL (va) ZI 
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Now you can obtain silicone rubber parts with remarkable new thermal 
and mechanical properties. Parts fabricated from General Electric’s 
improved silicone rubber (G-E 12650) are serviceable over a tempera- 
ture range of —85 to 550 F. They have high tensile strength, high 
elongation and tear strength, and excellent electrical properties. With 
this new G-E silicone rubber, you can obtain parts heretofore imprac- 
tical with other silicone rubbers. 


DEPEND ON G. E. 


General Electric's specialized fabricating service is ideally equipped 
to supply the silicone rubber parts you need. This specialized service 
fabricates only silicone rubber compounds—your assurance of high- 
quality parts uncontaminated with other materials. Special molding 
and extruding techniques are employed, using either G. E.’s own 
quality-controlled compounds, or any commercially available com- 
pound specified by a customer. General Electric, a pioneer in the 
development of silicone rubber, has tremendous “know-how” gained 
through designing hundreds of applications. Put this specialized fab- 
ricating service to work for you/* 


Ideal for Diesel Gaskets. Heat- G-E Silicone Rubber Defies Cold. 
resistant G-E silicone rubber gas- G-E silicone rubber is ideal for lew- 
kets withstand continuous operation temperature applications, too. It 
at 300 F under 15 psi air pressure remains elastic and non-brittle at 
in this Diesel engine. temperatures far below zero. 


* Address inquiries to Section F-1, Chemical Department, 
General Electric Company, Pittsfield, Mass. (In Canada: 
Canadian General Electric Company, Ltd., Toronto.) 


GENERAL ÇO ELECTRIC 
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Redmond MıcROMOTORS 


A four pole shaded-pole induc- 
los . : 
al 
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c 
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THE BIG NAME IN SMALL MOTORS 


A special design precision 
built dynamotor mass pro- 
duced by the Redmond Com- 
pany for military requirements. 


* * 


. . . and Manufacturers of Special 
Equipment for Defense Requirements 


Whether for civilian or defense requirements, the dynamic multi-plant Redmond 
enterprise is ready with the engineering experience and mass production ability 
to tackle tough problems. Year after year, this organization has been producing 
dependable Redmond Micromotors and blowers by the millions for leading 
manufacturers. And once again, the Redmond Company is ready te serve in the 
mass production of military equipment. When the call is for low-range frac- 
tional horsepower motors, blowers, electric windshield wipers, dynamotors, or 
for special defense equipment, check with Redmond . . . the BIG name in 
Small Motors. 


REDMOND COMPANY, INC., Owosso, Mich., U.S.A. INDUCTION MOTOR SALES OFFICES. 
Eastern Area: 420 Lexington Ave., New York 17, N. Y.; Central Area 
Owosso, Michigan; Midwest Area: 332 S. Michigan, Chicago 4, Ili. 
Southwest Area: 1330 N. Industrial Blvd., Dallas, Texas; Western Area 
(Redmond Company of Calif., Inc.) 1248 S. Boyle Ave., Los Angeles 23, Calif. 
SERIES MOTOR SALES OFFICES: Owosso, Mich. OVERSEAS SALES OFFICES: 420 
Lexington Ave., New York 17, N.Y., cable address, REDISINC - NEW YORK. 





Y Simplicity in design. 


Y Waterproof moulded 
coil. 


V Lower operating cost. 


Y Minimum lubricating 
requirement. 


Y Light in weight. 


V Higher voltage at start- 
ing speeds. 


V Constant spark over 
entire speed range. 


V Compact and sturdy 
construction. 


There is no need for inflation in small engine operating and mainte- 
nance costs if you specify Bendix magnetos. The fact is, a new high 
in dependable performance can be obtained at no extra cost. The 
basic design of these rugged lightweights enables Bendix to meet 
the operating problems of every type of small engine, as well as every 
pricing requirement. If you want to hold down operating costs for 
the small engines you employ, be sure to insist on Bendix —the most 
trusted name in magnetos. Write us for full details. 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK 
Export Seles: Bendix international Division, 72 Fifth Avenue, New York 11, N. Y. AVIATION CORPORATION 


FACTORY BRANCH OFFICES: 


117 E. Providencia Avenue, Burbank, California « 23235 Woodward Avenve, Ferndale, Michigan « 7829 W. Greenfleid Avenue, West Allis 14, Wisconsin. 
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582 Market Street, San Francisco 4, California 
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MONSANTO 


CHEMICALS ~ PLASTICS 
SERVING INDUSTRY 


WHICH SERVES MANKIND 
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Silent salesman 


speaks louder than words 


(when it's made of Lustrex) 


idy, colorful dispensers sell merchandise. .. 

and often. Untidy, discolored ones don't.‏ سے 
Kellogy, for one, has solved this problem by‏ 
nsers which have to be painted‏ 
s made of durable Lustrex‏ 
ight, lustrous colors that‏ 


replacing tig 
with dispen 


ns Lustrex 

lightest metals) also 
ound of material... shipping costs 
per unit. Fast, accurate, on&shot injection 
molding cuts down finishing 
operations. 


T s ae iy ~ with a wide 
«ange o ysical a ical properties 
which might op rete s better product 

. Wri 


ioe lower for Monsanto’s 
booklet, "Idea Generators," for new plastics 
7^applicatiortideas. Ad -Monsanto Chem- 
ical Company, Plastics Division, Room 1102, 
Springfield, ass. Lustrex: Reg. U. 8. Pat. Off 


5 


MONSANTO CHEMICAL COMPANY, Plastics Division, 


Room 2102, Springfield 2, Mass 


= 


ә 


“ By side-stepping HABIT. 
ITIS,* we mold this dispenser 
for Kellogg in fast, one-shot 
operations which usually 
means little or no machining, 
painting, finishing or assem. 
bly,” says John Moore, Sales 
Mgr., Prolon Division, Pro- 
phy-lac-tic Brush Co., Flor- 
ence, Mass 


Please send me Monsanto’s new booklet, “Idea Generators.” 


Name & Title 
Company 
Address 


City, Zone, State 





O MATTER how “tricky” a bellows 
N assembly you may require, we can 
make it for you—save you time and 
money, too. 

You get the advantages of trained 
personnel—specialists in this highly 
specialized field. They’re backed by half- 
a-century of experience in developing and 
producing bellows assemblies of all kinds. 

You get service that saves you time. 
We take over all production problems 


short 

cuts 

0 

Savings 
| for you! 


and worries—see that you get bellows 
assemblies made exactly to your speci- 
fications, on schedule. 

If you use, or plan to use, stainless steel 
(or other metal) bellows assemblies—for 
thermostatic devices, pressure controls, 
hydraulic mechanisms, recording instru- 
ments, valves or other applications—we 
can show you short cuts to savings. 


-Write either Fulton Sylphon Division 


or Bridgeport Thermostat Division. Ask 
for idea-stimulating catalog CP-1200. 


TEMPERATURE CONTROLS 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn. 


ces 
*FLLOWS Assematies + BELLOWS OEY" 


BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn. 
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National Syntech" Oil Seals used 
successfully as air valves in 
unusual steering mechanism 


In the pneumatic steering manifold as- 
sembly used on the Le Tourneau Earth 
Mover, oil seals are successfully em- 
ployed as air valves. These seals with- 
hold air pressures of 90 to 130 p.s.i. 
There is no lubrication whatsoever and 
operating temperatures frequently 
reach 180° and 200° F. 

The sectional drawing (Figure 1) 
shows one of these air valve units with 
exhaust valve open and cylinder valve 
closed. (Figure 2) shows exhaust valve 
closed and cylinder valve open. The re- 
ciprocating piston shaft (A) is shaped 
to provide two valve seats which estab- 


* Trade Mark Registered 


BUFFALO, N. Y. 

CHICAGO, ILL. . . 
CLEVELAND, OHIO 
DALLAS, TEXAS . 
DzgTROIT, MICH. . . 
DowNEY (Los Angeles Co.), CALIF. . 


Room 1194, Prudential Bidg., Mohawk 9222 

. . Room 2014 Field Building, Central 6-8663 
210 Heights Rockefeller Bidg., Yellowstone 2720 
. . 30% Highland Park Village, Justin 8-8453 
. Room 1026 Fisher Building, Trinity 1-6363 
11634 Patten Rd., Topaz 2-8166 
WICHITA, KANSAS 


lish contact with two oil seals (B & C) 
forming a double acting valve. The pis- 
ton is actuated by mechanical means. 

To solve this unique problem, Na- 
tional Oil Seal engineers developed an 
exceptionally sturdy springless seal 
(Figure 3). This special design employs 
an extra thick specially compounded 
syntech (synthetic rubber) sealing 
member which is precision molded and 
bonded to a steel-truss frame. Spring 
tensioning is unnecessary since air 
pressure forces perfect contact between 
sealing member and valve seats. Two 
seals are used in each piston of the 


four-piston manifold. In recent tests 
these seals are performing perfectly 
after valves have been actuated some 
250,000 times. 

In the above application, a special 
National Oil Seal design was required 
to meet unusual conditions. But in 
many cases—particularly when a rela- 
tively small production run is sched- 
uled—manufacturers can take advan- 
tage of stock oil seal designs. In such 
cases there are no tooling costs and no 
lost time. National Oil Seals are avail- 
able in thousands of stock sizes and 
shapes, and tools and dies for many 
thousands more are maintained. 
Whether you need a special design or 
can employ a stock number, National 
Oil Seal engineers are ready to help 
you. 


Figure 3 
National Syntech springless type seal 


"Let Your Decision be Based on Precision” 


NATIONAL 


OIL AND FLUID SEALS 


NATIONAL MOTOR BEARING CO., INC. 


General Offices : Redwood City, California 
Plants: Redwood City, Calif.; Downey (Los 
Angeles County), Calif.; Van Wert, Ohio 


CALL IN A NATIONAL ENGINEER FOR RECOMMENDATIONS 


MILWAUKEE, Wis. 


PHILADELPHIA, PA. . 


Syracuse, N. Y. . 
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New Yor« Crry,N. Y. . 
401 North Broad Street, Bell-Wainut 2-6997 
Repwoop City, CALIF. . 
West SPRINGFIELD, MASS. . 


. 504 East Third Street, Wichita 2-6971 


. 647 West Virginia St., Marquette 8-8986 
. 122 East 42nd Street, Lexington 2-8260 


. Broadway and National, Emerson 6-3861 
1025 Elm Street, Springfield 2-1881 
P. O. Box 1224, Baldwinsville 662 
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look for A STRONG GHT CASE 


National iron Company did . . . and saved $8,000 
with this Westinghouse Speed Reducer installation 


The National Iron Company of Duluth, Minnesota, 
recently conceived a new idea for a conveyor belt 
drive—overhang the head pulley directly on the 
speed reducer. A total savings of $8,000 in equip- 
ment and installation time was made on this first 
iron-range application. 


Materializing the idea was simple. Selecting a speed 
reducer that could stand the strain wasn’t. The over- 
hung load was 28,800 pounds! A Westinghouse 
Type-WDH Speed Reducer with its rugged case 
construction was the answer. 


Type-WDH Speed Reducer case is heavily ribbed to 
provide extra strength at points of greatest stress. 
Horizontal split construction provides easy accessi- 
bility without disturbing the mounting or motor. 


You get greater capacity and service life with 
Westinghouse Speed Reducers because they have: 


Taper-hardened helical gears for high efficiency 
and smooth quiet operation. 


Roller bearings for permanent shaft alignment 
and minimum friction loss. 


A simple splash-type oil system for positive and 
ample lubrication. 


Write today for the complete details as presented 
in bulletin DB-3700 SR. Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Penna. 

Ј-07298 
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New Farval Spray Valve 


FARVAL — Studies in о е 
Centralized Lubrication m ete rs | у bri са nts to sl ide 


surfaces and open gearing 


ONTROLLED spraying of lubricant on open 
gearing, slide surfaces, etc., is practical with 
the new Farval Spray Valve. 


By an ingenious adaptation of the familiar Farval 
Dualine Valve, either grease or oil is sprayed through 
a nozzle—on any desired area, in any desired amount, 
and at any desired interval. The new spray valve can 
be added at any point in a regular Farval Dualine 
System where compressed air is available—or a com- 
plete system may consist entirely of spray valves, 
served by either manual or automatic pumping unit. 


Compressed air from the supply line is directed 
through the spray valve, which meters air to the 
delivery nozzle just as lubricant is metered. By a 
unique arrangement, the lubricant valve also turns 
on and shuts off the air. Thus the quantity of air used 
is limited to the amount needed to spray each delivery 
of oil or grease, without exhausting or reducing 
pressure. Positive cut-off of lubricant by the Farval 
valve after each delivery eliminates bleeding from 
the nozzle—no waste, no mess, no trouble. 


The Farval Spray Valve has been thoroughly tested 
in service and is now in use on a wide variety of 
machines and equipment. It has demonstrated its 
ability to supply lubricant efficiently and economi- 
cally to open gearing, slide surfaces, in fact, wherever 
a standard Farval Dualine closed system is not readily 
adaptable. 


Write for a copy of Farval Spray Valve Bulletin No. 
60 for a full description, with illustrative diagrams 
and installation data. The Farval Corporation, 3279 
East 80th Street, Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Industrial 
Worm Gearing. In Canada: Peacock Brothers Limited. 


TARLA, 
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LOOKING FOR A NEW 


SMOOTH ACTING 


The W 


LYBO 


iliam D. Gibson Co. 
CLIPS * SMALL STAMPINGS 
CLAMPS Ў WIRE FORM‘ URN AVE HICAGO 14 
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CONSIDER 
ОПШТЕ 


of critical materials 


Particularly in mass-production 
units of small and medium size, 
Oilite finished machine parts and 
bearings can be made to your 
design in a broad range of ferrous 
and nonferrous metals and alloys, 
except as limited by government 
control. Moreover, Oilite prod- 
ucts of ferrous base may serve 
excellently instead of scarce non- 


= 


, В «> 


ferrous units or as replacements 
for steel and castings. 

When you employ Oilite you 
also obtain the benefits of more 
than 20 years’ engineering, re- 
search, and production experience 
in powder metallurgy, together 
with the service of field engineers 
throughout the United States and 
Canada. 


You are invited to contact 


the field engineer in your district or 
write the home office regarding 


the application to your needs 
of Oilite products. 


AMPLEX manuracturine company 
Subsidiary of yala (бө айг» 


DETROIT 31, 


MICHIGAN 


Field Engineers and Supply Depots in Principal U. S. and Canadian Cities 
——————— OMLITE PRODUCTS - 


Heavy duty, oil-cushioned, self-lubricating bearings and finished 
machine parts in ferrous and nonferrous metals and alloys. Per- 
manent filters. Friction units. Self-lubricating cored and bar stock. 


(e Nets ta ллу, 


Oilite is an effective 
replacement, not a 
mere substitute 


In the last decade, more and 
more executives have become 
*Oilite minded" because the 
advantages are many.To meet 
the current situation, many 
of our customers have changed 
their specifications to replace 
strategic copper and tin with 
products of iron powder oriron 
powder alloys. Others are re- 
placing iron castings, steel and 
aluminum with similar Oilite 
products. 

Also of importance to exec- 
utives, under conditions of 
urgency, are the wide adapta- 
Lility, the speed of delivery, 
ind the economy of cost, time 
and manpower which result 
from the use of Oilite finished 
machine parts, made from 
metal powders. 

Intricate designs, which 
normally require many differ- 
ent machining operations, can 
be produced quickly and eco- 
nomically from Oilite. There 
is great freedom of design and 
frequently two or more parts 
can be combined in a single 
Oilite unit. Oilite eliminates 
upto24machiningoperations. 

Delivered ready for assem- 
bly, Oilite parts save the time 
and investment required to 
tool up by standard methods. 
It is not unusual to be in pro- 
duction on a complex Oilite 
part within a few weeks, as 
compared to a possible 18- 
month delivery of machine 
tools. Trained manpower is 
thus released for other urgent 
needs. 

Oilite is not a substitute. 
It is metallurgy's answer to 
the need for a new material 
It may solve your problem. 


4 2123 a 


President 


OILITE 


PRODUCTS 





FLANGED 


ROLLER BEARINGS 


JF 
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This is what the Jackson Company says about Heim 
Roller Bearings: “Hundreds of thousands of our wheel- 
barrows with rubber tired wheels using your roller bear- 
ings have been sold in every state in the United States 


“Your bearings have been proved to be very efficient 
and yet economical for use in wheelbarrow wheels.” 
If your product uses roller bearings, spherical bearings, 
rod ends, flange units or pillow blocks, HEIM can supply 


you either from distributors’ stocks in the larger cities 
or from factory warehouse. 


FAIRFIELD, CONNECTICUT 
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How practical gasket tolerances 
help cut sealing costs 


Close tolerances in resilient gaskets and the extra 


expense they involve seldom are necessary. Even 
metal-to-metal joints can be sealed without resorting 
to molded gaskets, mirror finishes, or mechanical pro- 
visions to relieve side flow. 

The drawing above, for example, shows a typical 
metal-to-metal joint. In the channel an “O” ring sec- 
tion is superimposed on a section of the rectangular 
gasket that replaces it, a lathe-cut rifig of Armstrong’s 
Cork-and-Rubber. As you will observe, a cork-and- 
rubber ring is cut to full channel width. Its wall may 
be 1.25 to 1.50 times channel depth, depending upon 
the compound. Perfect mating of the metal parts is 
nevertheless possible because, unlike straight rubber, 
cork-and-rubber decreases in volume when com- 
pressed. It is obvious that with a material of this type, 
gasket tolerances are not critical. 

The wider tolerances permissible with compressible 
gaskets may affect savings in machining time. Cork- 
and-rubber of a suitable durometer seals effectively 
against rough machined surfaces. With a compressible 
gasket, therefore, the only critical tolerance is the one 
imposed on the metal parts by assembly demands. 
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From a cost point ofgview, it is advisable when 


gasket quantities are lagge to degign joints to accom- | 


modate rings that can’ be lathe-cut from tubes of 
cork-and-rubber stock. In general, the range of tube 
size is from about 1” to 20” O.D. Do not, however, 
rule out the use of these economical rings if joint 
sizes fall outside this range. Digcuss your problem 
with your Armstrong representative. He may be able 
to suggest means of supplying your needs. In some 
cases, for example, cork-and-rubber ribbon may be 
formed into rings, square or rectangular in section. 
Compressible gaskets made from Armstrong’s Cork- 
and-Rubber Compositions make it possible to do 
many things that cannot be done so well or so eco- 
nomically with non-compressible materials. See Arm- 
strong's Gasket Materials manual in Sweet's file for 
product designers for other design suggestions cover- 
ing both joints and gaskets. For a personal copy of 
this manual, write to Armstrong Cork Co., 
Gaskets and Packings Dept., 7102 Arch St., 


Lancaster, Penna. Available for export sale 


ARMSTRONG'S Gasket Materials 
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Wallace | 1 jarnes Springs 
БЕ Connecticut 
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How to control a fast ball 


When a jet airplane nears flying speed, its turbine rotor 
is spinning about 12,000 to 15,000 rpm. At that speed 
everything in the engine takes a beating. 

Thrust and centrifugal forces are at work. Heat causes 
expansion stresses. Any imbalance sets up vibration. 
Then there is friction. 

A jet engine is no spot for a part that can’t take it. 

One of the components that lead a hard life is the ball 
bearing for the main rotor shaft. It must be light in 
weight and compact. It must compensate quickly for 
distortion resulting from rapid and wide temperature 
changes. Shaft rigidity must be maintained and the bear- 
ing must overcome heavy gyroscopic forces and powerful 
Che shaft must be perfectly 


thrust loads to do so 


PLASTICS WHERE PLASTICS 
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balanced to eliminate vibration at high rotary speeds. 

An important part of the bearing is the ball retainer. 
A large bearing manufacturer selected Synthane lami- 
nated plastic for his retainer 

Synthane is tough and highly resistant to wear and 
abrasion. Synthane is light in weight. Synthane is di- 
mensionally stable over the temperature ranges en- 
countered. Oils or greases have little or no effect upon it 

These are a few Synthane characteristics. It has many 
others—physical, mechanical, chemical and electrical 
This Synthane combination of properties and charac- 
teristics may be the answer to one of your problems 
lo find out, send for the latest Synthane folder 


Synthane Corporation, 3 River Road, Oaks, Pennsylvania. 


ANE 
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Whether your products are automotive or 
in some entirely different field, you doubt- 
less are doing some long-range planning 
. . . looking beyond the immediate future 
to the time when increasing production 
for civilian use will again demand em- 
phasis on advanced design. 

In exploring the possibilities for the 
future, it will pay you to consider the 
many advantages of OSTUCO Steel 
Tubing. Hundreds of product engineers 
and manufacturers have found that no 


—— 


T 


From Your Blueprint 


OSTUCO TUBING 


other material offers so many outstand- 
ing opportunities for improving design, 
increasing strength, reducing weight, en- 
hancing beauty, and cutting cost. 

Because of the growing needs of our 
armed forces, we cannot prómise early 
delivery on new civilian orders, but we 
do wish to help you take advantage of 
OSTUCO Tubing in your plans for the 
future. Please feel free to call on our ex- 
perienced tubing engineers for advice 
and information at any time. 


THE OHIO SEAMLESS TUBE COMPANY 


Manufacturers and Fabricators of Seamless and Electric 
Welded Stee! Tubing 
Plant and General Offices: SHELBY 7, OHIO 


to Your Product 


کے 


SALES OFFICES: BIRMINGHAM, P. O. Box 2021 * CHICAGO, Civit Opero Bldg., 20 N. Wocker Dr. * CLEVELAND, 1328 Citizens Bldg. * DAYTON, 511 Solem Ave. * DETROIT, 
520 W. Eight Mile Rood, Ferndole * HOUSTON, 6833 Avenue W, Central Park * LOS ANGELES, Suite 300-170 So. Beverly Drive, Beverly Hills * MOLINE, 617 15th $t. * NEW 
YORK, 70 Eost 45th St. * PHILADELPHIA, 1613 Pockord Bldg., 15th & Chestnut * PITTSBURGH, 1206 Pinewood Drive* ST. LOUIS, 1230 North Main St. * SEATTLE, 3104 
Smith Tower * SYRACUSE, 501 Roberts Ave. * TULSA, 733 Kennedy Bidg. * WICHITA, 622 E. Third $t. * CANADIAN REPRESENTATIVE: RAILWAY & POWER CORP., LTD. 
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Production facilities, already the 


largest in the steatite industry, are 
being rapidly expanded to take 
care of your needs. Plant No. 3 is 
just going into production. All 
plants are running 24 hours a day, 
7 days a week. Plant No. 5 is on 
the way. 


Current deliveries are not satisfactory 
to you or to us. We were swamped with 
rearmament orders for the last quarter 
of 1950. But great strides are being 
made toward taking care of your re- 
quirements for AlSiMag custom made 
technical ceramics 
Every effort is being made to keep 
American Lava Corporation your most 
dependable source for quality and for AMERICAN LA VA CORPORA TION 
delivery according to promise 
49TH YEAR or CERAMIC LEADERSHIP 
CHATTANOOGA 5, TENNESSEE 


TROPOLITAN AREA: 671 Brood $St., Newark, N. J., Mitchell 2-8!59 * CHICAGO, 228 North LoSalle St., Control 6-1721 
1649 North Brood St., Stevenson 4-2823 . LOS ANGELES, 232 South Hill St., Mutual 9076 
38-8 Brattice St., Combridge, Mass., Kirkland 7-4498 * ST, LOUIS, 1123 Washington Ave., Gartieid 4959 
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WHEN TO USE 


Combined thrust and radial loads in any proportion 
or direction call for deep, continuous races and the 
largest ball consistent with uniformly heavy ring sec- 
tions...the kind of precision bearing construction 
Federal Single-Row Radial Ball Bearings give you. 
In Federals, maximum unit pressure per ball is not 
appreciably increased by the addition of thrust loads 
up to 50% of the rated radial load. Thrust load is dis- 
tributed over all the balls in the bearing, while radial 
load is carried by less than half the balls. For pure 
thrust the rating is 100% of the radial rating. 
Federal Single-Row Radial Ball Bearings are made 
in light, medium and heavy series in inch and metric 


sizes, to cover a wide range of applications. Our Cata- 


SINGLE-ROW RADIAL BALL BEARINGS 


log “K” describes these and one of the most complete 
lines of ball bearings...in every type and size... 
shielded and sealed...for every anti-friction need. 
(A few of the many types are illustrated above.) It 
also includes ball bearing selection charts to help you 
compute bearing loads, determine load ratings for all 
bearings at all speeds, and select the type and size 
bearing best suited to your application. Write for it 
today. Also send for a copy of our latest Ball Bearing 
Conversion Tables which contain complete up-to-date 
interchange information. 


THE FEDERAL BEARINGS CO., INC. + POUGHKEEPSIE, NEW YORK 


lakers of Sine Ball Boa zerga 


FEDERAL BALL BEARINGS 


ONE OF AMERICA'S LEADING BALL 


Quality since 1908 


BEARING MANUFACTURERS 
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Straight Adapter Unions 90° Check Volve Union 


45° and 90° Adapter Unions 


av, Time is money And whenever you save time, you reduce costs. 
That's why it pays to use Anchor Adapter Unions and Related Fittings. You see, 


they're designed especially to speed the attachment of Anchor hydraulic hose assemblies 
Anchor Ductile Sleeve Couplings to equipment of all kinds. 
que са two wire braid In addition to cutting assembly costs, Anchor Adapter Unions and Fittings have these 
"э EO E EN important advantages: 


€ They provide a leakprooí ground-joint connection. 


€ They are small in size, require little space, and provide a neat appearance. 
<= инна, € You can connect and disconnect them many times without destroying the seal. 
@ Made from solid steel bar stock and plated to prevent rust, they stand up under the 
toughest service conditions. 

Anch Sleeveless Couplings i ipe- i —ai 
Anchor Sleeveless Seon age Their - lets you eliminate one or more pipe-thread joints—gives you a better 
braid hose or two rayon braid Piping 09. 
hose for medium or low pres- Assembly in confined spaces is quicker and easier. 


— The Anchor line of Adapter Unions and Related Fittings is 
1 the most complete line available. Save yourself time and 
Send for complete money —select those that fill your specific needs 
information on 
Anchor Adapter _ 
Anchor Clamp-type Couplings Unions and 
are ideal for field service use Fittings ANCHOR COUPLING CO. INC. 
and emergency repairs. Easy to Dept PE-21, Libertyville, Illinois 
ut on and take off— withstand 
high pressures. I like the dependability. the safety, and the time-and-money saving (еа- 
tures oí Anchor Adapter Unions and Fittings. Please send me a catalog 


Use Anchor Assembled Hose Units with the outstanding fit- Name .............. Position 
tings shown above. You'll have less trouble in the shop on 
assembly — and less trouble in the field on the job. Company 


ANCHOR COUPLING CO. INC. Oe 


City 
Factory Libertyville IHlino . Branch 
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10 new features—31 TIMKEN’ bearings in 
new Kearney & Trecker milling machine 


HE new Kearney & Trecker 

Model “CK” Milling Machine 
shown above has 10 outstanding new 
features, ranging from non-glare 
rapid-set dials to a new and heavier 
solid-back, sponson design column. 
And throughout the spindle assembly, 
feed drive gear box and speed train 
gear box, there are 31 Timken® bear- 
ings to insure greater rigidity, lasting 
precision and long, trouble-free oper- 
ation in this new knee-type milling 
machine. 


Because of their tapered construc- 
tion, Timken bearings carry any com- 


In the gear boxes, Timken bearings 
help prevent wear by holding gears 
and shafts in positive alignment. On 
the three-bearing spindle, Timken 
bearings insure long-lasting preci- 
sion, and permit pre-loading to any 
desired degree. 


Made of Timken fine alloy steel— 
the finest ever developed for tapered 
roller bearings—rollers and races 
have case-hardened, wear-resistant 
surfaces and tough, shock-resistant 
cores. Line contact between rollers 
and races gives extra load-carrying 
capacity. True rolling motion and 


tically eliminate friction. 


Remember, no other bearing can 
give you all the advantages you get 
with Timken bearings. They're 
backed by 50 years of bearing re- 
search and development and are first 
choice throughout industry. Whether 
you build or buy machine tools, insist 
on bearings with the trade-mark 
“Timken”. The Timken Roller Bear- 
ing Company, Canton 6, Ohio. Cana- 
dian plant: St. Thomas, Ontario. Cable 
address: "TIMROSCO". 


м È This symbol on a product means 
bination of radial and thrust loads. incredibly smooth surface finish prac- its bearings are the best. 


IT’S TIMKEN BEARINGS FOR VALUE! 


To get the best value in bearings you may find this 
simple formula helpful 
quality + service + 


: - 
Value = Ж А 4 
price 

Obviously a big advantage above the line gives you 
more value than a small one below. No other bearin 

can match the uniform high quality, engineering and 
field service and overwhelming public acceptance 
you get with Timken bearings 


TIMKEN 


TAPERED ROLLER BEARINGS 


NOT JUST À BALL BEARING TAKES RADIAL ^ AND THRUST 


NOT JUST A ROLLER THE TIMKEN TAPERED ROLLER LOADS OR ANY COMBINATION 
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GET YOUR 
FREE COPY 


of this authoritative, fact- 

filled bulletin on "What to 

Consider When Selecting A 
Metallic Bellows" 


Contains: è Charts * Diagrams 
e Applications è Detailed analysis 
of bellows’ construction, materials, 


Are there 3, 8, 10 or 14 common 
types of bellows and methods of at- 
taching end fittings available to you 
when you consider bellows for the 
job you have in mind? Is stainless 
steel, nickel or brass the material 
most frequently used? What affects 
the choice of material? How can you 
double the flexibility and halve the 
spring rate of a beliows? How can 
you limit the total pressure gen- 
erated by a bellows at a specified 
temperature? What are the advan- 
tages of a bellows shaft seal? What 


determines the motion relationship 
between two or more bellows when 
they are connected together? 

These and many other questions 
are answered in the informative bul- 
letin "What to Consider When Se- 
lecting A Metallic Bellows,” fea- 
turing an authoritative article which 
has appeared in a recent issue of 
PRODUCT ENGINEERING. Written by 
engineers at Clifford Manufacturing 
Company, bulletin contains a wealth 
of up-to-the-minute data on bellows. 

Send for your free copy today. 


flexibility, filling medium, life 


Just mail coupon below. 

Clifford Manufacturing Company, 
Waltham 54, Mass. Div. of Standard- 
Thomson Corp. Sales offices in New 
York, Detroit, Chicago, Los Angeles. 


* CLIFFORD >9 


HYORAULICALLY -FORMEO BELLOWS 


AND BELLOWS ASSEMBLIES 


ALL -ALUMINUM O1L COOLERS 


FOR AIRCRAFT ENGINES 


CLIFFORD MANUFACTURING COMPANY, 122 


FRE 


O Air conditioning systems 

Aircraft 

Carburetor altimeter controls 

Engine thermostots 

Gasoline vaives 

High pressure steam devices 

Heating equipment 

instruments Fuel pumps 

] Remote or direct control of tempera 
fure and pressure 


] Electric or gas ranges Refrigerator 


"rtt, 
RI 
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Kilns & ovens — industria! 


Process controls 


Shoft seal assemblies 


Grove Street, Waltham 54, Massachusetts 


CJ Torque converters 


Air compressors 
Onygen flow indicators 
Oxygen regulators 


Other applications 


Name 


Refrigerating systems — commercial 


Firm 


Fluid couplings 
Supercharger controls 


controls — domestic 


Please send me my copy of the bulletin “What to Consider When Selecting 
a Metallic Bellows.” | am interested in the applications checked. 


O Compensating regulators 





Reported on Each of These Jobs 


so 


produced from Carpenter Free-Machining Stainless 


These are not unusual job records. The reason for perform 
ance records such as 10% faster machining and 5% to 8% fewer 
rejects is the constant uniformity of Carpenter Free-Machining 
Stainless. Every bar, on shipment after shipment of Carpenter 


Stainless, responds the same when it meets your cutting tools 


ns, it is important that you get every 
n the Stainless Steel you buy. To do 
st 


o turn Stainless jobs out faster and 


t the personal shop help your Carpenter 


representative can give you. He will be glad to work with 
you and your men, to make his experience stretch the available 
supply of Stainless Steel 


Another help Carpenter can give you is useful information about 
machining Stainless. For example, the Carpenter" NOTEBOOK 
on Machining Stainless Steels” covers turning, drilling, ream- 


mi 


ing, lubrication, etc. If you would like a copy, just send us 


a note on your company letterhead, indicating your title. 


The Carpenter Steel Compony, 117 W. Bern St., Reading, Pa 
Export Department: The Carpenter Steel Company, Reading, Pa CARSTEELCO” 


Carpenter 


takes the problems out of production 


For Easy-to-Use Stainless Call Carpenter. Warehouses in principal cities throughout the country. 
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Now Available—New 
“Teflon’’* Coated Glass Fabrics, 


tapes and laminates in experimental 
quantities. Outstandingly versatile 
new material for electrical, chem- 
ical and many other industries. 
Made from woven glass fabrics 
coated with polytetrafluoroethyl- 
ene. 


A few properties: high- and low- 
temperature resistance (may be 
used continuously at 200°C.); ex- 
cellent electrical properties; ex- 
tremely tough, unaffected by all 
known chemicals, excepting molten 
alkali metals under normal condi- 
tions; negligible water absorption; 
unaffected by outdoor weathering. 
And "Teflon" has excellent non- 
sticking characteristics. 

For further information, clip and 


mail coupon below. = *Rex. U. s. Pat. om 


DU PONT “FAIRPRENE” 


Synthetic Elastic Compositions 
“Engineered to do your job better’ 


"té u s Pat OF 


BETTER THINGS FOR BETTER LIVING . 


JUMPY “NERVE” STOPS 
FUEL MAN’S HEADACHE 


Waste of fuel at service stations has 
always been the cause of headaches 
among fuel men. But now, thanks to 
the patented "'Safety-Fill" nozzle 
shown above, made by Buckeye Iron 
and Brass Works, Dayton, Ohio, this 
waste can be prevented. This nozzle 
has a highly sensitive "nerve" that 
automatically shuts off the flow of fuel 
when the receptacle is full. 

This "nerve" is a diaphragm made 
of Du Pont “Fairprene’’} coated fab- 
ric. Here's how it works: When the 
tank is full, air flowing into the noz- 
zle at (A) is cut off. The resulting 
vacuum in the chamber (B) causes 
the diaphragm (C) to jump back ... 
pulling back rollers (D) and releasing 
pressure on valve at (E). 'This in- 
stantly stops the flow of fuel, just as 
the flow stops when handle is released 
by the operator. 


In diaphragms such as the one 
above, as in hundreds of other indus- 
trial applications, Du Pont "'Fair- 
prene” is preferred for many reasons 
it is tough . . . yet light in weight. It 
resists gasoline, oil, grease, kerosene, 
aging in air or oxygen. And "'Fair- 
prene" stays flexible in both high 
and low temperatures . . . has low 
permanent set and drift. 


Technical help for you 


Du Pont engineers are eager to help 
you evaluate ''Fairprene"' for design- 
ing new products, or for improving 
your present products or manufac- 
turing methods. They'll gladly work 
with you inengineering special grades 
of "Fairprene" to meet your specific 
needs. For prompt assistance, fill out 
and mail the coupon below. Do it 


E. I. du Pont de Nemours & Co. (Inc 


Fabrics Division 


compositions” 


Glass Fabrics" 


. . THROUGH CHEMISTRY 


T^FAIRPRENE is Du Pont's registered trade mark for its line of products 
made from synthetic elastomers available in the form of coated fabrics, sheet 


stocks without fabric insert, and adhesives 
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Empire State Building, New York 1, New York 
] L am interested in Du Pont Technical Service 
Please send me booklet "'"FAIRPRENE' synthetic elastic 


] Please send me Technical Bulletin, " "TEFLON' Coated 





NO. 10 Notching; Punching Holes; Stamping Name; 
Roll Forming and Cutting-to-Length 


Here's a steel channel, the main part of a patented mirror support 
—a big improvement on the conventional wood strips for fastening 
mirrors to the backs of dressers and other furniture. The first three 
operations are done on the flat strip, as shown in drawing below, in 
a Yoder automatic shear type press, placed between the coil box and 
the Yoder roll forming machine. After forming, the finished shape is 
cut-to-length in a Yoder Automatic Cut-Off Machine 


All five operations are performed continuously, in a line of four units 
just mentioned, tended by a single operator. The speed is 60 f.p.m., 
equivalent to a net production of about 3000 pieces per hour. 


Yoder roll forming production lines may also include auxiliaries for 
embossing; coiling or curving; making overlapping, open or closed 
seams; welding; inserting rubber or felt; filling powders, or injecting 
liquids into tubular sections, etc. 


Yoder engineers are at your service, without cost or obligation, in 
working out production problems involving such operations. Send 
for 88-page Book of Information on Cold Roll Forming. 


THE YODER COMPANY ^. 5522 Walworth Avenue © Cleveland 2, Ohio 


Complete Production Lines 


* COLD-ROLL-FORMING and auxiliary machinery 
* GANG SLITTING LINES for Coils and Sheets 
* PIPE and TUBE MILLS- cold forming and welding 
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| LAMINATES News 


y 


News of General Electric Plastics Laminates that can be of importance to your business. 


G-E PLASTICS LAMINATES Give You 
QUALITY AT LOW COST! 


EXTRA 


Theengineering and manufacturing experience 
gained through many years in both the produc- 
tion and use of plastics laminates by General 
Electric is your assurance of extra quality at 
low cost. 

For example, General Electric is one of the 
world's largest producers of naval and indus- 
trial control panels for both electrical and 
electronics applications. Through extensive 
work with this equipment, G.E. has developed 
a complete, high-quality line of laminated 
sheets for a wide variety of industrial and mili- 


tary applications. 


With G-E Laminates, 
most high-speed machin- 
ing operations are easily 
performed on standard 
wood and metal-working 
tools. Intricate shapes 
and fine cross sections 
can be machined to close 
tolerances with a mini- 
mum of rejects. Work 
can usually be performed 
dry, for easier handling 
of finished pieces. 


General Electric produces a complete line of 
plastics laminates including sheets, tubes, and 
rods with cloth, paper, glass fabric, or special 
bases for a wide variety of applications. For 
more information about G-E Plastics Laminates 
write to Section Y-1, Chemical Department 
General Electric Company, Pittsfield, Mass 


© Also look to General Electric for silicone insula 
tion, insulating varnishes, sealing and filling com 
pounds, mica insulation, varnished cloth and tape 


DEPENDABILITY THROUGH EXPE! 


Pe) ee икт 


m І 
put your confidence 


GENERAL 
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Yes! Magnesium, being the lightest of the structural 
metals and readily weldable, should be considered 
whenever light-weight, welded construction is a de- 
sign requirement. Nearly all of the common weld- 
ing techniques can be employed. Inert-gas shielded 


arc welding, gas welding, and electric resistance weld- 


ing are all being used successfully on magnesium. 


Most forms of magnesium are weldable. While joint 
strengths will vary with different alloys, typical prop- 


erties of welded butt joints show tensile strengths 


up to 42,000 psi and elongations up to 12%. Also, 
magnesium welds are free of microporosity, an impor- 
tant advantage when designing thin walled pressure 
containers. The combination of relatively high weld 
strength and minimum specific gravity found in 
magnesium generally permits designing welded mag- 
nesium structures that are lighter, stronger, and 
more rigid than is possible in other light metals. For 
more information call your nearest Dow sales office 


or write direct, Dept. MG-62. 


Whew Lighten is impoilint; maiden MAGNESIUM fat! 


Dockboards, formed from 


CUTE] 


magnesium plate are arc welded 
in production with a single pass. 


Magnesium Division, Dept. MG-62 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 
New York + Boston + Philadelphia + Washington + Atlanta 


Cleveland + Detroit e Chic 


* $t. Louis + Houston 


Sen Francisco + Los Angeles * Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 
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How much can Rollpins save 
on your production line? 


Here’s important information on Rollpins—the amazing 
new fasteners that eliminate slow, expensive reaming, peen- 
ing, and machining operations. Just imagine the cost-cutting 
possibilities provided by a single fastener with such wide 
design and application flexibility that it can replace tapered 
pins, grooved pins, or straight pins. Investigate the savings 
Rollpins offer your product. 

In the short period since their introduction, manufac- 
turers are already using Rollpins as steel fastening pins 
holding pulleys and gears to shafts; as pivot or hinge pins, 
clevis pins, cotter keys, shafts, and locating dowels... to 
provide lower-cost, simplified, vibration-proof assemblies. 


Rollpins require no special installation skills . . . readily 


replace your present fastener . . . exceed the sheer strength 
of a cold-rolled pin of equal diameter. Rollpins stay tightly 
in place until deliberately removed with a pin punch —can 
be used over and over again. 

For complete information on Rollpins and their almost 
unlimited money-saving applications write to Elastic Stop 
Nut Corporation of America, 2330 Vauxhall Road, Union, 


New Jersey. 
| A, PRODUCT OF | 


ELASTIC STOP NUT CORPORATION 


Rollpins are made from either Carbon Steel or 
Stainless Stee! and are readily available from stock 
in diameters from 1/16 inch to V2 inch and in a 
brood range of standdrd lengths 
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x. 
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Rollpins are used to replace a hardened, ground 
tapered pin in this feed tube finger clutch assembly 
—stand up to flexing and shock more than 2,400 
times an hour 


Four Rollpins are used in this Hansen tacker as 
pivots Self-retaining, they eliminate headed rivets 
and bolts simplify maintenance operations 
provide a flush fit. 





General Plate Truflex 
Thermostat Metals can cut 
your costs and give you re- 
liable automatic tempera- 
ture control on practically any product. 
They hold the line against rising costs, by 
giving you the exact performance requirements 
desired. Advanced General Plate production 
methods insure positive consistency in toler- 
ances, grain structure, expansion, hardness, etc. 
This insures maximum uniformity of materials 
which reduces costly rejects and guarantees 
highest quality performance. 
Truflex Thermostat metals are available in a 
complete line of combinations to meet all ap- 
plications in temperature range, electrical 
resistance, size, shape and cost. They can be 


had in raw stock in sheets, strip and coils from 
.020" to 8" widths .. . or as completely fabri- 
cated parts ready for assembly into your 
products. Each and every part is identical in 
tolerances, expansion, hardness, etc. 

It will pay you to investigate General Plate 
Truflex Metals for your thermostat require- 
ments. Write for information or engineering 
assistance. 


Other General Plate Products include — Pre- 
cious to base metal laminations...Base metal 
laminations... Alcuplate (copper and alumi- 
num)... silver solders... Laminated contacts, 
buttons, rivets... Platinum-fabrication-refining 
... Age-hardening Manganese Alloy 720. 


GENERAL PLATE 


Division of Metals & Controls Corporation 
102 FOREST STREET, ATTLEBORO, MASS. 


50 Church St., New York, N. Y. * 4326 N. Elston Ave., Chicago, 
Ill. « 757 W. Third St., Mansfield, Ohio * Detroit, Mich. 
* Los Angeles, Calif. 
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How to trim the fat" 
from a V: Belt drive 


ASK YOUR NEAREST DISTRIBUTOR of 
Goodyear Industrial Rubber Products for 
full details on V-Belts “tailored” to your 
drive requirements — selected from the 
most complete line of V-Belt construc- 
tions. Or write Goodyear, Akron 16, Ohio. 


We think you'll like 
“THE GREATEST STORY EVER TOLD” — 
Every Sunday — ABC Network 


qua belts—required 12 belts on 25" diameter 
pulleys. 

GOODYEAR Steel Cable Belts recommended by 

the G. T. M.—Goodyear Technical Man — 8 

belts on 27" pulleys carry the load 

because they’re “muscled” with steel. 


GOOD/YEA 


THE GREATEST NAME IN RUBBER 
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Yes, it's simple and easy to prevent motor burnout headaches HOW KLIXON PROTECTORS WORK! 
caused by overloading and overheating — all you have to do is specify and 
order that your motor manufacturer supplies you with K/ixon-Protected Motors. 


Built in by the motor manufacturer, the Klixon Protector stands constant 
guard, always ready to prevent the motor from burning out by cutting the Jm uU 
power "off" should it become dangerously overheated. Temporary over- CLICK... IT'S OFFI 


loads do not cause nuisance cut-outs. Should a motor become overheated 
and dangerously hot, the Klixon 


Remember, all motors do not come protected ... so to be sure that your esas ehe motor fre Bora рге 


venting the motor from burning out. 
motors are equipped with Klixon Protectors, specify on your purchase order 


“motors with Klixon Protectors.” The additional cost for the Klixon 
Protector is exceptionally low . . . pays for itself many times over by 
minimizing motor burnouts, reducing repairs and replacements. 


Р When the motor cools to safety, the 
m— Klixon Protector snaps the power"oo" "== 

— automatically, or by geshins the red but- 

ton when the manual reset type is used. 


mase mam m 


SPENCER THERMOSTAT 
Division of Metals & Controls Corp. 
902 FOREST ST., ATTLEBORO, MASS. 
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ANY SPEED 
ANY TIME 
WITH 


ANY LOAD 


Thousands of speeds are attainable with the U.S. Varidrive Motor. You 
don’t have to buy costly, cumbersome gear-changing apparatus. You 
don’t have to take time out to stop your machine and change the belt in 
cone pulleys. The Varidrive instantly changes to the exact speed needed 
for your work by turning the convenient control handle. You improve 
your work. You increase production. Actual savings will pay for the 
Varidrive in a short time and earn you increased profits continually. 


U.S. VARIDRIVE MOTORS 


=- - = ——— 


—— eo — 
CUMBERSOME COMPLEXITY - changed to... - SIMPLICITY 


S$ 


ELECTRIC MOTOR plus SPEED CHANGER or CONE PULLEYS or CONTROLLER plus GEAR BOX U.S. VARIDRIVE 


а کف‎ Ж "" s Женс аны L PE 


... a fip to the very wise— buy Varidrives 





U.S. VARIORIVE 


COSTS ONLY FRACTION OF DRIVEN MACHINE 
INCREASES OUTPUT 10% - 20% - 30% OR MORE 


[ITI 112l 


—— " 
x CE и 


Type VEV-GD, U. S. Varidrive-Syncrogear 


ORIGINAL INVESTMENT ү: d aet n SAME MACHINE PLUS 
*4000°° КМЖ озу ч '3007 


with fixed speed motor 1 M with U. $. Varidrive 


100% propuction — 130% rropucron 


MAKING YOUR MACHINES GIVE BONUS PRODUCTION 


Many machines do not operate at top efficiency of countless Varidrive installations reveals that 
simply because the proper speeds are not available the added investment averages about 10 per cent 


A Varidrive in place of a constant speed motor of the value of the driven machine, but the in 


provides an infinite number of speeds for instant crease in production capacity runs up to 30 per 
sclection. The cost of a Varidrive is usually a small cent, even higher in many instances. You gain a 
fraction of the total investment in machinery, fac Hexibility of control in your machine which no 
tory space and overhead. These same facilities can fixed speed motor can give. Therefore, Varidrive 
ind will provide a bonus in production or quality gives your operator both the incentive and means 


of product if given the opportunity to operate at of turning out better work and stepping up his 
ciency under all conditions. A cost study production. You get the ost out of your machine 


COMPOSITE FATIGUE CHART 


9:30 10:30 


Vaiidrive keeps in step with operator needs 


mple of the variation compiled from records of many 
workers. It is obvious that for maximum efficiency the 
1 


te of production should be adjusted to the needs of the 


operator. The Varidrive's speed can be synchronized to 
the operators rhythm of action, thereby helping him 


in maximum daily output without over-exertion 


For the complete Varidrive story, ask for Bulletin 1515 


U.S. ELECTRICAL MOTORS Inc. 


PACIFIC PLANT: Los Angeles 54, California ATLANTIC PLANT: Milford, Connecticut 


Atlanta 3, Ga.; Bakersfield, Calif.; Boston 16, Mass.; Chicago 8, Ill.; Cincinnati 16, Ohio; Cleveland 14, Ohio; Dallas 9, Texas; Detroit 2, Mich.; 
Fresno 1, Calif.; Houston 4, Texas; Indianapolis 4, Ind.; Milwaukee 2, Wisc.; Minneapolis 2, Minn.; New York City 6, N. Y.; Philadelphia 2, Pa.; 
Pittsburgh 2, Pa.; Son Francisco 7, Calif.; Seattle 4, Wash, » » » » Distributors and Agents in all principal cities. 





This loud-mouthed automatic tre whistle 
can be heard tor a quarter mile 


ERE's one of the most unusual 
H and foolproof fire protection 
devices ever made.* There are no 
wires, batteries or bells. Just a whistle 
attached to a high pressure cylinder 
filled with CO2. When the tempera- 
ture exceeds a pre-set limit, the 
compressed CO, is released into the 
whistle stem. The piercing blast can 
be heard for a quarter mile. 

Tubing is an important part of this 
automatic fire signal, and both cy- 
linder and whistle are made from 
Shelby Seamless Steel Tubing. Every 
cylinder undergoes a pressure test of 
3,000 p.s.i.—and there has never been 
a failure in 8 years of use. 


Reliability is only part of the story. 
There's the economy angle, too . . . 
Shelby Seamless Tubing has enabled 
many manufacturers to cut material 
costs drastically, because the basic 
shape is already made. You don't 
end up with half of your steel lying 
on the floor in the form of scrap. 
Furthermore, Shelby Seamless Tub- 
ing is easy to machine, and its uni- 
form quality permits high speed 
production. 

Let our service engineers work 
with you to obtain tubing that will 
fit your needs exactly. And make a 
note to write for Bulletin No. 17. 
Address National Tube Company, 
Frick Building, Pittsburgh 19, Pa. 


NATIONAL TUBE COMPANY, 
PITTSBURGH, PA. 
(TUBING SPECIALTIES DIVISION) 


COLUMBIA STEEL COMPANY, SAN FRANCISCO 
PACIFIC COAST DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


* Name of manufacturer will be 


furnished on request 


SHELBY SEAMLESS STEEL TUBING 


U N T: D а О Hà d ee ie 
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MILLION TONS MORE STEEL 


Latest Increase in Bethlehem's Annual Capacity Climaxes 
5 Years of Postwar 3,100,000-Ton Expansion 


On January 1 of this year Bethlehem's steel making 
Capacity stood at 16 million ingot-tons annually—an 
increase of 1 million tons over a year ago. 
Since the war ended we have increased our annual 
steelmaking capacity 3,100,000 tons, or 24 per cent. 
Moreover, as the chart at the right shows, Bethle- 


Capacity — 


hem's steel capacity has nearly doubled in 25 years. Ad- —— 


ditional capacity can and will be created as it is needed. 


BETHLEHEM STEEL. 


PRODUCT ENGINEERING — FEBRUARY, 1951 





Wa THIS NEW Safety Circle to- 
tally-enclosed fan-cooled motor, 
you can cut maintenance requirements 
on your product to a new low. For here 
is a TEFC motor that cannot clog. 

A powerful fan blows cooling air 
over the finned exterior of the motor. 
internal air passages with their dirt- 
catching vali are eliminated, If 
sticky dirt makes cleaning necessary, 
it is the simplest of maintenance oper- 
ations which can be done in a few 
minutes with an air hose. Unrestricted 
air flow reduces power loss and wind- 
age noise. 

Cast Iron Frame 
The frame of this new Safety Circle 
totally-enclosed fan-cooled motor is solid 


Easy to Clean 


ts Corrosion 


cast iron with the well-known rigidity 
and inherent corrosion resistance that 
only cast iron has. Bearings are lubri- 
cated at the factory and operate without 
attention or cost for years. 


Nation Wide Service 


There are 86 Allis-Chalmers Certified 
Service Shops in industrial cities all 
over the country to give your customers 
factory approved service and parts wher- 
ever they may be. An Allis-Chalmers 
representative familiar with designers 
problems will be glad to show you the 
complete details of this motor. Just call 
your nearest Allis-Chalmers Sales Office 
or use the coupon at the right to send 
for bulletins. 


Safety Circle is an. Allis-Chalmers trademark. 


ALLIS-CHALMERS 
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Allis- Chalmers 
Milwaukee 1, Wis. 


Please send me: 
Handy Guide for Electric Motors 
Bulletin 5186052 


Flange Motor Specifications Sheet 
5157234 
Safety-Circle Motors Bulletin 5186210 


Street 


City 





2,000,000 GRAPHITAR 


(CARBON-GRAPHITE) 


HELP KEEP AMERICA'S AUTOMOBILES 


It's a push-button automotive age! Today, over 30 million American car owners expect 
their automobiles to run smoothly any time—anywhere—without trouble. GRAPHITAR parts 
help make this dependability possible. GRAPHITAR's unique characteristics make it ideal 
for such automotive applications as clutch release bearings, water pump seals, fluid coup- 
ling and torque converter seals and thrust washers. The controlled porosity of GRAPHITAR 
gives metered lubrication for hard-to-reach and hard-to-service installations. GRAPHITAR 
will not seize, score, or warp and has been proven by billions of miles on millions of cars 
that it will give durable service as a seal, bearing or thrust washer. 


Backed by 19 years experience, millions upon millions of 
GRAPHITAR water pump seals are in daily operation to- 
day in automotive, diesel, and domestic service. Hot or 
cold water, or any type of anti-freeze will not affect 
GRAPHITAR seals, 


Over 2,000,000 GRAPHITAR seals have been pro- 
Wuced for use in automotive fluid couplings. 
Lapped on both faces to 35 millionths of an 
inch, GRAPHITAR seals retain hot oil under 
pressure, will not gall or leak, and afford 
maximum resistance to friction and wear. 


Maintenance isn’t a problem with GRAPHITAR 
clutch release bearings because one lubrication 
will last the life of the car. In tests, these bear- 
ings have operated at 3600 RPM for 72,000 de- 
clutchings without failure and have proven far 
superior to ordinary bearings. 


THE UNITED STATES 
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PARTS 


RUNNING SMOOTHLY 


Becpwfe of its versatility, GRAPHITAB/is finding its way into 

cores of new uses. Self-lubricatjAg, lightweight, highly 
resistant to wear and temperatyfe extremes, GRAPHITAR is 
the ideal material for seals, bedrings, pistons, cylinder liners 
and many other parts. GpAPHITAR resists chemical attack, 
even by concentrated gefds such as hydrofluoric and hydro- 
chloric. GRAPHITARparts can be produced in any practical 
size and shape 26 tolerances as close as .0005”. Let us show 
you hoywGRAPHITAR can improve the efficiency of your 
pgedticts. Write us today for the full story and our de- 
scriptive 64 page catalog. 


152 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW, MICHIGAN 
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Complete radiosonde housing 
із а complex assembly of pre- 
cision-moided, thin-wall parts. 
In addition to good form reten- 
tion and lightweight strength, 
use of ‘Hercocel’ E also gives 
needed resistance to chemicals 
and solar radiation, makes 
possible storage for long peri- 
ods under adverse conditions 
of temperature and humidity 

Molded and Manufactured by 
Molded Insulation Company, 
Philadelphia, Pennsylvania 


records and transmits valuable information 
on humidities and temperatures in the upper 
strata of atmosphere. The accuracy of weather 
forecasts and the security and efficiency of 
plane flights depend on its reports. Radio- 
sonde's accuracy, in turn, owes much to the 
tough and durable plastic housing which pro- 
tects its delicate mechanism. 

What's up in your new product picture? 
Have you any plastics problems which might 
be solved with *Hercocel' E? Our technical 
staff invites your inquiries. 

HERCULES POWDER COMPANY 


904 Market Street, Wilmington, Delaware 


А HERCULES Cellulosic Plastics 
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SPHERICAL ROLLER 
TAPERED ROLLER 
STRAIGHT ROLLER 
NEEDLE 

BALL 

NEEDLE ROLLERS 


Torrington Bearings 
prove reliability 
in Lippmann jaw crushers 


Never a bearing failure with proper maintenance—so report Lippmann 
engineers of Torrington Roller Bear’ gs used in Lippmann Grizzly King 
Jaw Crushers. This service record has been earned in the toughest 
applications, like the 36 x 48 Grizzly King at the Pelham, Ala., plant 
of McCullough Industries. 


Day-in and day-out, Torrington Roller Bearings help Lippmann 
Crushers handle high production schedules. These precision bearings 
provide line contact for maximum capacity. Heavy-radial and thrust 
loads developed in continuous operation are handled with ease. 


Help your equipment benefit from uninterrupted high production 
and on-the-job reliability by specifying Torrington Bearings. 


THE TORRINGTON COMPANY 
South Bend 21, Ind. > Torrington, Conn. 
District Offices and Distributors in Principal Cities of United Stotes and Cancda 


TORRINGTON BEARINGS 



















The use of 
is a principle 


Design engineers in many industries have come to 











realize that the use of MICRO precision switches 


has become a basic principle of good design. 


Their light weight, small size, unfailing operating 
dependability and precise performance through 
millions of operations have established their use as 
good design practice. They make possible many 
savings and improve performance of products of 
which they become component parts. A selection 
of over 4600 different switches, each with different 
characteristics, provides exactly the right switch 


for a particular problem. 


Whether your product is a delicate instrument or 















a locomotive, there is, or can be developed, a 
MICRO precision switch to meet your specifica- 
tions. They have met successfully the exacting 
demands, for instance, of equipment to package 
products, make change, bottle fluids, gauge dimen- 
sions, control temperatures, operate aircraft con- 
trols, heat water, dispense drinks, control elec- 
tronic tubes, operate relays, steer ships . . . and as 


limits and interlocks for machine tools. 
















"see MICRO SWITCH" 


has become a byword among informed design 
J al 5 


This is the reason that 


engineers. The saving in time and expense is often 
tremendous. MICRO sales engineers, fully experi- 
enced in every type of precision switching prob- 


lem, are located in principal cities to serve you. 


Send for “USES UNLIMITED” 


This publication is full of the latest information 





on new switch developments and articles telling 
how design engineers have solved specific prob- 
lems by the use of MICRO precision switches. 
Write for "Uses Unlimited" today. 


A DIVISION OF 


A MICRO Precision Switches 
of 000D DESIGN! 


FOR INSTANCE . .. Here's the MICRO LIMIT' 
precision limit switch... with unbelievable accuracy, 
ruggedness and versatility for the 

most severe industrial service. 


This MICRO LIMIT heavy duty precision switch combines 
to an unusual degree the precision features of all MICRO 
products, the ruggedness for heavy duty general purpose 
use and a versatility of adjustment hitherto unknown. 
Its switching element is securely sealed within a 
heavy die-cast housing. The operating head can be 
mounted in any of four positions. The roller arm is 
adjustable through 360° to any of 870 positive- 

lock operating positions. The switch is field- 
adjustable to operate to either right or left, or 

in both directions, with ample overtravel. Cir- 

cuit arrangement is single-pole, 

double-throw. 


If your limit control require- 
ments call for the utmost in 
long life; positive performance, 
rugged construction and versa- 
tility in a precision switch, be 
sure you have full information 
on the MICRO LIMIT pre- 


cision limit switch. 


MICR 


FREEPORT, ILLINOIS 





| MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 





Copt. 1351 Minnespols-Honey well Regulator Ca. 


50% Increase 

in Production 

to Meet Demands 
for Brad Foote Gears 


1951 may be rugged for all industrialists—including users of BRAD FOOTE gears 
and the BRAD FOOTE GEAR WORKS. Already we’re receiving from 
our friends heavy and urgent demands for early delivery. 


Whether the coming months bring us immediate war preparation for future war 
or, as we hope, the assurance of long years of uninterrupted peace, 

the BRAD FOOTE GEAR WORKS will be ready to meet any contingency. 

We have made material additions to our plant equipment consisting of 

important, modern, improved, high-speed mechanisms. 


We have mapped out and installed new, streamlined production systems. 


With these developments, we have obtained approximately 50% greater output 
without one minute of the long, tedious delays which are virtually 
unavoidable when new plants are constructed and equipped. 


Brad Foote Gear Works is set to go. 


We thank our old friends. We welcome new ones. We are far better prepared 
than ever before with thoroughgoing engineering cooperation—with the 
finest gears we have ever built—with prompt delivery. 


When may we go to work for you? 


President 
BRAD FOOTE GEAR WORKS 


BRAD FOOTE GEAR WORKS, Inc. 


BISHOP 2-1070 + OLYMPIC 2-7700 + 1309 SOUTH CICERO AVENUE 
CICERO 50, ILLINOIS 
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2 AVAILABILITY 
aterials AND TRENDS 


CONTROLLED Washington began gearing its mobilization set-up for a controlled 

MATERIALS PLAN materials plan last month with the organization of the Defense Produc- 

QOO ҮДА tion Administration. DPA was given all the authority to impose in- 
dustrial controls that the old War Production Board once had. DPA 
inherited, principally from the National Production Authority a system 
of controls which fell just short of a controlled materials plan. Pro- 
duction was not yet being scheduled, although NPA had taken a small 
step in that direction by ordering metals makers to devote varying 
percentages of their production of steel, aluminum, copper and other 
metals to defense contracts. 


COPPER AND But more important to both producers and consumers are the new end 

COBALT use limitations--outright bans on specific uses of critical materials-- 

а chiefly metals such as copper, cobalt and aluminum, The copper order 
attracted the most attention because it was the first tough consumption 
cutback of a widely used basic material. Effective March 1, NPA order 
M-12 bans the use of copper in more than 300 finished products. The 
order was an addition to an earlier order slashing January and February 
consumption of copper for non-defense uses to 85 percent of the average 
for January-June, 1950. 

Banned uses of copper include such items as shower rods, trim for 
automobiles and electric appliances, and building materials. Copper 
was ruled out entirely for laundry equipment, vacuum cleaners, 
refrigerators, polishers and mixers. 

Supply of cobalt, used in high-speed tool steels and in magnetic and 
high temperature alloys, previously had been rationed between defense 
orders and civilian uses by NPA on a monthly basis. But starting 
February 1, NPA allocates cobalt for all requirements. Users of more 
than 25 lb per month will have to obtain from NPA or its field offices 
application forms on which to specify their needs. 


ALUMINUM AND Asimilar aluminum order followed that on copper, with emphasis on 
CADMIUM banning nonessential uses. NPA softened its earlier cutback order on 
civilian aluminum by permitting 75 percent of January-June 1950 use dur- 
ing March for "functional components" for which no practicable substitute 
can be found, provided they do not exceed one percent of the product's 
weight. This insured a partial aluminum supply for such items as auto 
bearings and brake drums. 
Limitations on this cadmium, used widely for corrosion resistance, 
lookedtougher. NPAorder M-19 limitsuse of cadmium to 55 products. 
It prohibits such things as a cadmium weather coating for TV antenna, 
commercial electric signs and lighting fixtures. Yet its use in artists’ 
color is expressly permitted. 


Reasonably large-scale production of titanium already is under way, 
and the ore is plentiful in this country. Use of titanium pigments in 
paints probably is going a long way to stave off a recurrence of last war's 
lead shortage. There still is no extensive use of titanium as a metal, 


(continued on page 81) 
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COOPER-BESSEMER DIESELS 


ТШШ ELLIOTT-BUCHI TURBOCHARGERS 
MEEHANITE, CASTINGS 


¬ EFFICIENCY 


70 УШ DEPENDABILITY 
L---7^ QUALITY 


The Cooper-Bessemer 16-cylinder gas Diesel engine equipped 


with Elliott-Buchi Turbochargers provides a power combina- 
tion which results in the last word in efficiency and dependa- 
bility. The unit delivers more horsepower per square foot of 
floorspace than any known comparable engine. 


As manufacturers of this type of quality equipment the 
designers and engineers of both the Elliott Company, Jeannette, 
Pa. and The Cooper-Bessemer Corporation, Mt. Vernon, Ohio, 
recognize the importance of component materials ;—materials 
which can provide superior and dependable engineering char- 
acteristics and uniformity. For these reasons both companies 
manufacture Meehanite castings and use them for such im- 
portant parts as follows 
COOPER-BESSEMER DIESEL 


Pistons 

Cylinder Liners 

Cylinder Heads 

Blocks, Centerframes, Bases 


ELLIOTT-BUCHI TURBOCHARGER 
Turbine Casings 

Back Plates 

Blower Casings 


Those listed represent the more important castings upon 
which performance and quality depend. Many others, less 
vital parts,—in fact all iron castings are Meehanite metal 
produced under Meehanite controlled processes. 

Study your designs and requirements and when you want 


Take Your Casting Problems 


to a MEEHANITI 


American Brake Shoe Co 

The American Laundry Machinery Co 
Atlas Foundry Co 

Banner Iron Works 

Barnett Foundry & Machine Co 
E. W. Bliss Co 

Builders Iron Foundry 
Continental Gin Co 

Crawford & Doherty Foundry Co 
The Cooper-Bessemer Corp 
Farrel-Birmingham Co., Inc 
Florence Pipe Foundry & Machine Co 
Fulton Foundry & Machine Co., Inc 
General Foundry & Manufacturing Co 
Greeniee Foundry Co... 

The Hamilton Foundry & Machine Co 
Johnstone Foundries, Inc 

Kanawha Manufacturing Co 
Koehring Co ° 

Lincoln Foundry Corp 

E. Lorg Ltd "s 

Otis Elevator Co., Ltd 

The Henry Perkins Co 

Pohlman Foundry Co., Inc 

Rosedale Foundry & Machine Co 
Ross-Meehan Foundries 
Shenango-Penn Mold Co 

Standard Foundry Co p 

The Stearns-Roger Manufacturing Co 
Traylor Engineering & Mfg. Co 
Valley Iron Works, Inc 

Vulcan Foundry Co. 

Warren Foundry & Pipe Corporation 


Hastings, 


Foundry! 


Mahwah, New Jersey 
Rochester, New York 
Detroit, Michigan 

St. Louis, Missouri 
Irvington, New Jersey 
Mich. and Toledo, O 
Providence, Rhode Island 
Birmingham, Alabama 
Portland, Oregon 


Mt. Vernon, Ohio and Grove City, Pa 


Ansonia, Connecticut 
Florence, New Jersey 
Cleveland, Ohio 

Flint, Michigan 

Chicago, Illinois 
Hamilton, Ohio 

Grove City, Pennsylvania 
Charleston, West Virginia 
Milwaukee, Wisconsin 
..Los Angeles, California 
Orillia, Ontario 
Hamilton, Ontario 
Bridgewater, Massachusetts 
Buffalo, New York 
Pittsburgh, Pennsylvania 
Chattanooga, Tennessee 
Dover, Ohio 

Worcester, Massachusetts 
Denver, Colorado 
Allentown, Pennsylvania 
St. Paul, Minnesota 
Oakland, California 
Phillipsburg, New Jersey 


“This advertisement sponsored by foundries listed above.” 


ШИШЕ 


New Rochelle, N. Y. 
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to be sure—specify Mechanite castings. 





CONSE RV ATION 


SUBSTITUTES 


chiefly because of its high production cost--now about $5 per lb. Bureau 
of Mines and other developers hope to push this cost down. If they do, 
there is likely to be considerable substitution of titanium for the light 
metals, and for steel in some military applications. 

Plentiful supply of titanium has one immediate and important use in 
the defense effort. For heat-resistant uses, titanium grades of stain- 
less can be substituted for grades utilizing columbium (type 347). 


Many nonferrous metal users will, where able, turn to steel and other 
metals. This probably will not hapen until the supply is cramped by the 
first heavy impact of defense orders--probably this summer. Right now 
Steel producers operate under "spread-the-work" ceilings which permit 
them to turn down a priority order if their military business already 
totals a certain percentage of their monthly shipments of specified 
products. The percentages range ashigh as 25 percent for some alloy 
products, with other carbon steel types ranging from 10-20 percent. 
Present hope of NPA mobilizers is that cutbacks in copper and alumi- 
num would force reductions in steel consumption by cutting output of 
products using both steel and the nonferrous metals. 


Arecent NPAorder imposed the first general cutback on civilian use 
of tin. It permits use of 80 percent in February and March of average 
monthly use in the first half of last year. The cutback applies to all 
materials containing 1.5 percent or more of tin. 


Steel experts warn designers not to be carried away by forcasts of 
dire shortages. For instance, switching from a low alloy to a plain 
carbon steel may be false thrift. If heavier sections of plain carbon 
steel are needed, there is no saving to the national economy. 

Best method of conserving vital elements lies in use of N.E. steels, 
which contain well balanced amounts of chromium, nickel and 
molybdenum, but in leaner quantities than SAE specifications. Alloy 
steel users should also consider boron-treated steels, where great 
hardenability is needed. 


Shortages of alloying elements hit stainless steels first. But many 
substitutions can be made: Straight chromium grades, available with 
normal delivery, can often replace austenitic (18-8) types. Extra low 
carbon (less than 0.03 percent) and titanium grades can be utilized in 
place of hard-to-get columbium or columbium-plus-tantalum stainless. 

For high speed tool steels, molybdenum can be substituted for 
tungsten, which is in very short supply. Users of tungsten-tantalum 
high speed materials must show urgent necessity to obtain even small 
amounts. 

Washington talk about substitutes for scarce materials hasn't produced 
much relief for hard-pressedusers of critical materials so far. Search 
for substitutes is the concern of three government agencies, and only 
one, Interior Department's Bureau of Mines has been on the job long 
enough to get important results. But the Bureau of Mines is chiefly 
concerned with development of new metals such as titanium and 
zirconium, (still a metal of the future) rather than hunting specifically 
for substitute metals. 

The other agencies, the National Production Authority and the 
Munitions Board, have just started probing. NPA is organizing a staff 
in its Bureau of Industry operations to tackle standardization, simpli- 
fication and substitution. Munitions Board asked the technical services 
of the armed forces last month for reports on possible substitute ma- 
terials of military value--it will summarize these findings. 
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New Tinnerman CAP NUT 
~3ips over shafts and studs 


for secure decorative attachments 


Never before a fastener that performs better in 
retaining and capping shafts, axles or stud ends! 
A new push-on type SPEED NUT is here to im- 
prove your assembly methods. 

It has already proved itself by short-cutting ex- 
pensive assembly steps for manufacturers of wheel 
goods and toys. You can readily see why if you 
compare the simple Cap Nut attachment to the 
intricate cross-drilling of axles, securing cotter 
pins, and attaching split hub caps. 

Think of your product as you check these advan- 
tages: (1) single unit assembly; (2) zip over 


shaft—lock tight—no special tools required; 
(3) six contact points of SPEED NUT bite into 
shaft; (4) provides decorative, protective cover 
for shaft ends. 

For expert technical assistance in adapting the new 
CAP NUT to your use, call in your Tinnerman sales 
engineer. Meanwhile, write for 32-page Savings 
Stories booklet of case histories. TINNERMAN 
PRODUCTS, INC., Box 6688, Dept. 12, Cleveland 1, 
Ohio. In Canada: Dominion Fasteners Ltd., 
Hamilton. In Great Britain: Simmonds Aeroces- 
sories, Ltd., Treforest, Wales. 


M^. Vi CAP NUT fits over end/of 


axlé shaft, forming hub cap and 
retaining scooter wheel. Sketches 
below show 6-point prong formation. 
Avgpilable in 2 styles. Shaft sizes 


" 1 


range #гот %'' о %e"’ in diameter. 
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rs oO DO U Gs E 


N G FIN 


B.E M i 


Our Greatest Military Advantage 


IF, AS, OR WHEN THE NEXT WAR BEGINS the western 
powers will find themselves vastly outnumbered in 
fighting men. The only way that we can overcome 
this handicap is to possess the greatest quality and 


quantity of war materiel. 

The quantity and quality of the war materiel pro 
duced by a nation depends primarily on three factors 
(2) The qual 


ity and quantity of the nation's scientists. (5) Abili- 


(1) The natural resources available 


ties and numbers of the nation's design engineers 
Upon the last of these three factors depends the 
effectiveness with which the available resources and 
the scientific discoveries are converted into armed 
might 

World War II strikingly demonstrated the tre 
mendous power of science and technology. In spite 
of extremely limited natural resources, the greatly out- 
numbered German armies were able to advance against 
their enemies. German tanks, guns and fighter planes 
of outstanding design were produced in great abun 
dance. It was not until the amazing power of Ameri 
can technology and industry was thrown into the 
conflict that the allies were able to stem the tide of 


German victories. 


The Communist nations are rich in natural re- 
sources and manpower. Russia has some good engi- 
neers and scientists. Against the cvalition of Com- 
munist countries stands the United States and its 


allies. We too have great resources and scientists, 
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possibly slightly more than Russia, but we are vastly 
outnumbered. However, we greatly excel Russia and 
every other country in the world in the size and 
effectiveness of our great army of design engineers 

It is not that the United States has all of the world's 
best design engineers. Perhaps the best ones in some 
of the other countries excel our best. But in the 
United States we have a combination of quality, quan 
tity and cooperative spirit that gives us an engineer 
ing design capacity greater than every other nation 
in the world. Around that relatively small number 
of design engineers is built the military power of th 


United States. 

It is the design engineers who develop the ma 
chinery of mining, transportation and production 
It is they who design the weapons of war and the 
machinery to produce them. Scientists invented the 
atom bomb; design engineers developed the ma 


Yankee 


Ingenuity” created the jeep, tank, bazooka, and spe 


chinery and equipment for its production 
1 {uty f 


cialized navy vessels 

The only advantage we have over the Communist 
countries lies in the quality and quantity of the work 
of our design engineers. Upon the work of these 


men may depend the fate of the nation 


E FAA 





N G 


Tanda fan 


WITH NEW DEPARTURE BEARINGS 


The concept of 
cutting maintenance 
and increasing life 

in mechanisms 

by new bearing design 
originated with 

New Departure 


NEW DEPARTURE| 


BALL BEARINGS 





MOTOR SHROUD 


Kéengowed 


In contrast to conventional molding com- 


RICHARD J. FRANCIS 


pounds are the reinforced plastics, more 
commonly called '"laminates," which can be 
considered as thermosetting plastics containing 
long-fibered reinforcements, and therefore 
have higher strengths than the molding com- 
pounds. Except for high impact ‘‘molded- 
laminated" and "'molded-macerated'" com- 
pounds, the reinforcements do not flow 
appreciably as they are molded, and hence 
different forming methods are required. Also, 
instead of buying a "package" compound, 
laminators and molders of reinforced plastics 


AIRCRAFT DUCT 


purchase resins, reinforcements and catalysts 


from different sources. This makes avcilable 
a great number of "combinations" — that the 
design engineer can choose from. 
Fiber-reinforced plastics can be visualized 
in the same manner as concrete reinforced 
with iron rods. Their physical properties, when 


compared on a strength-weight basis, are su- 
COMPRESSOR 


ior to steel f | 
HOUSING perior to steel, and compare very favorably 


with the light metals. Present cost and relatively 
limited production, however, rule out wide- 
spread "substitution" for metals, but where 
specialized physical (outstanding  strength- 
weight ratios), electrical, and chemical prop- 
erties are needed, reinforced plastics are spec- 
ified on their own merits. 
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AERIAL CAMERA COVER 







































































































































































































Bone Engineering Corporation 


REINFORCED PLASTICS in use today are 
of three general types: Thermo- 
plastic laminates, thermosetting 
plastic laminates molded at rela- 
tively “high” pressures, and thermo- 
setting reinforced plastics molded at 
relatively “low” pressures. Thermo- 
plastic laminates, which consist of 
thermoplastic resins such as cellu- 
lose acetate or polystyrene rein- 
forced with paper or cotton fabrics, 
have attained little industrial im- 
portance. 

The "high pressure" thermosetting 
plastic laminates are the older and 
established branch of the thermo- 
setting reinforced plastics group. 
Consisting of layers of paper, asbes- 
tos, cotton or glass fabrics impreg- 
nated with phenolic, melamine, or 
silicone resins, they are laminated in 
large hydraulic presses, at pressures 
from 1,000 to 2,000 psi; hence the 
name "high pressure." This group of 
materials were thoroughly described 
in the series of articles "Thermoset- 
ting Plastic Laminates" which ap- 
peared in the December 1948, Febru- 
ary 1949 and May 1949 issues of 
PRODUCT ENGINEERING. 

The fastest-growing group of the 
reinforced plastics are the so-called 
“low pressure” molded and lami- 
nated materidls. The term "low pres- 
sure" has been used to encompass 









What Are Reinforced Plastics? 


the polyester resins and a few mod- 
ified phenolics, which produce sound 
parts with lower applied pressures. 
However, this term is more descrip- 
tive of the molding pressure used, 
which usually varies from contact 
up to 200 psi. The line of demarca- 
tion between "low" and "high" pres- 
sure materials is somewhat confused 
by the fact that one or more rein- 
forcements are used in both types, 
that “low pressure” plastic parts are 
sometimes formed on heavy hydrau- 
lic presses usually used for “high 
pressure” laminates, and that appli- 
cations for both types’ often overlap. 

However, the overwhelming ma- 
jority of industrial products made by 
“low pressure” methods are com- 
posed of polyester resins reinforced 
with cloth or mat produced from 
glass fibers. This combination, which 
during the last war was developed 
primarily for military uses, is now 
rapidly expanding into peacetime in- 
dustrial applications. The plastics 
industry prefers to refer to this group 
of materials as “polyester reinforced” 
rather than “low pressure” plastics. 

Reinforced plastics based on poly- 
esters are sometimes supplied as 
sheets, rods and tubes, but most of 
the production is going into formed 
parts. Reinforced polyester sheets 
less than !i* in. thick are generally 
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American Cyanamid Company 


New techniques enable production of large-size reinforced plastic parts. Above, polyester 
resin is sprayed on fibrous glass mat layup for boats. Left, large electroformed nickel ( 100,000 
psi tensile strength) mold for radome, to be made of glass-reinforced polyester resins. 


continuously laminated and based on 
paper. Bulk of this is for decorative 
uses, with some being fabricated into 
industrial, principally electrical, uses. 
Above {їв in. thicknesses, most of the 
polyester sheets are reinforced with 
fibrous glass mat and, to a lesser de- 
gree, with glass fabric. 

This article will be largely devoted 
to these polyester-glass materials. 
However, since an understanding of 
the entire reinforced plastics field is 
necessary before this relatively new 
group of materials can be properly 
evaluated, other thermosetting resins 
—melamines, phenolics, silicones, and 
other reinforcements—cotton, paper, 
asbestos — will be discussed as well. 


Several types of resins are rein- 
forced: The thermosetting phenolics, 
melamines, silicones, and polyesters, 
and to a much lesser degree a few 
thermoplastics including polystyrene 
and cellulose acetate. Only the ther- 
mosetting resins are covered here. 
As a rule the resins are used singly, 
but several types can be blended to 
enhance certain properties. For ex- 
ample, certain phenolics can be mod- 
ified with rubber formulations or 
with thermoplastics such as nylon or 
cellulose acetate to gain toughness, 









Physical Properties of Rigid Types of Cast Polyester Resins* 


PHENoLICS. The basic phenolic resins 
are made by reacting phenol and 
formaldehyde. Special phenolic lami- 
nating compounds, both of the water- 
soluble and alcohol-soluble (var- 
nish) types, are available. They are 
applied to a web reinforcement 
through a continuous dip or roll coat- 
ing and advanced to the "B" or par- 
tially polymerized stage in a treating 
operation. Thus, resin and reinforce- 
ment are handled as a unit in the as- 
sembly of material for a laminate or 
for a formed part. 

The water-soluble types are lower 
in molecular weight than the var- 
nishes, and hence are suitable in ap- 
plications such as “compreg” (densi- 
fied wood) where penetration is re- 
quired. For electrical applications 
and for higher impact resistance the 
varnishes are preferred. 


MELAMINES. Melamine resins are 
made by reacting melamine and for- 
maldehyde. The cured resins are 
translucent and reasonably free of 
color, and remain that way even after 
severe conditions of exposure. Their 
outstanding properties include re- 
sistance to abrasion, elevated tem- 


peratures, arcing, solvents, alkalis 
and oils. 


SILICONES. With their repeating oxy- 
gen-to-silicon linkage, the silicone 
resins have outstanding resistance to 
elevated temperatures, to wetting by 
water, and to arcing and tracking. 


Cure temperatures are high and cure 
cycles are long. Consequently, sili- 
cones are generally cured in electri- 
cally-heated molds or platens, fol- 
lowed by an after-bake at still 
higher temperatures. Curing on a 
condensing reaction, they require 
high molding pressure to keep vol- 
atiles contained. The cost of molding 
and laminating resins is higher than 
for other types. 


POLYESTERS. This term has, through 
general usage, been accepted by 
the plastics industry to describe a 
group of thermosetting alkyd resins 
dissolved in a polymerizable vehicle, 
usually styrene. They cure to a rigid 
or flexible state, or by blending the 
rigid and flexible types, to any inter- 
mediate degree of flexibility. Newer 
formulations are supplied as powders 
for bonding glass fiber preforms. 
Alkyd resins are more widely known 
as a base for synthetic resin coatings. 

For extremely high levels of me- 
chanical properties, polyester resins 
can be combined with organic fibers, 
paper and cotton, and inorganic fibers 
of glass and asbestos. Continuous 
laminating, usually with paper, is 
used to make sheets up to !is in. thick 
economically for industrial and dec- 
orative applications such as table 
tops. These sheets can be 42 in. wide 


- and up to 100 ft long. For laminates 


thicker than Ув іп. апа for molded 
parts, the reinforcement is generally 
inorganic fibrous glass. 
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Selection of a particular resin from 
the broad group of polyesters is de- 
termined by the use conditions of the 
part. The “general purpose” rigid 
polyesters, with styrene as the poly- 
merizable diluent, are lowest in cost, 
and are used the most. In general 
these resins give maximum mechan- 
ical and electrical properties at room 
tempergture. However, they are sur- 
passed by other polyesters for spe- 
cial uses. For instance, many of the 
rigid, general purpose polyesters tend 
to soften in a temperature range of 
from 200 to 350F, making them no 
longer useful as a structural material. 
For these conditions special formu- 
lations designed to resist softening 
and degradation at elevated temper- 
atures are available. 

In the accompanying table prop- 
erties of two cast, unreinforced poly- 
ester resins are presented, but these 
are shown primarily in reference to 
their use as binders for reinforcing 
materials such as glass fibers. Values 
shown are only for typical resin com- 
pounds selected from the variety sold 
by resin manufacturers; many other 
resins are available in a wide range 
of flexibility, hardness, toughness, 
and other properties. 

On the other end of the rigid- 
flexible “scale” are the polyesters that 
polymerize to a flexible state, and 
tend to be sluggishly reactive. These 
low modulus resins impart tough- 
ness, and can be blended with rigid 
types to provide any intermediate 





EFFECT OF INORGANIC FILLERS ON PROPERTIES 
OF GLASS MAT POLYESTER LAMINATES 


Impoct,ft- Ib 


25 $ gloss by volume 
in laminote 
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modulus of elasticity in the cured 
state. The low modulus types are de- 
sirable in the “continuous” lami- 
nates, allowing them to be shipped 
in rolls, rather than as individual flat 
sheets. Also, they are useful in cast- 
ing, reducing the tendency to crack 
through large sections or around in- 
serts. 

Another broad group of polyester 
resins is the fire-retardent, or self- 
extinguishing type. The polyesters 
described earlier will burn under a 
direct flame sufficiently hot to heat 
the plastic to its ignition temperature. 
Rate of burning is influenced by the 
composition of the resin and by the 
type and amount of reinforcement 
and filler. The self-extinguishing 
polyesters are formulated from chlor- 
inated hydrocarbons and antimony 
trioxide. They generally cost about 
ten cents per lb more than the rigid 
types. 

When properly catalyzed the poly- 
esters can be cast to form strong, 
transparent solids having excellent 
electrical insulating properties, good 
radio transparency, and high chem- 
ical and abrasive resistance. Cast 
polyesters can be used for engineer- 
ing models, and “potting” compounds 
to form economical and sturdy elec- 
trical components such as capacitors, 
resistor coils, and circuits. Organic 
dyes are added for delicate coloring 
tints, while inorganic pigments, 
ground in a polymerizable vehicle, 
are added for durable, opaque col- 
oring. 


EFFECT OF INORGANIC FILLERS. Finely- 
divided, inorganic fillers such as 
calcium carbonate, china clay, asbes- 
tine or mica can be mixed with 
catalyzed polyester resin to produce 
reinforced plastics parts. These fillers 
are used in matched metal molds in 
combination with glass reinforcing 
mat and with fibrous glass preforms. 
Fillers reduce costs of the molded 
parts by replacing some of the resin 
and some of the reinforcing glass. 
In the sense that less reinforcing 
glass is used, mechanical properties 
of the laminates may be somewhat 
lower, but many parts made of glass 
and polyester resins, such as hous- 
ings, do not require the maximum 
mechanical properties available from 
glass mat-polyester combinations. 

As shown in the accompanying 
curves, proper inorganic fillers in- 
crease resistance to water. Water 
absorptions are at a minimum at 
about the point where the resin- 
filler ratio is about 60:40. At this 
ratio retention of flexural strength 
is best. With more than this amount 
of filler impact and flexural values 
drop off. 

Since the specific gravity of many 
of the fillers is about 2.5 (compared 
with about 1.2 for the thermosetting 
polyesters and about 2.5 for the glass 
reinforcement) fillers may increase 
the specific gravity of laminates and 
of molded parts slightly. Filled resins 
also generally provide better sur- 
faces on molded parts. The tendency 
of polyesters to shrink as they set 


produce surfaces “dimpled” in in- 
terstices of the surface reinforce- 
ment. The “dimples” are most pro- 
nounced when the surfacing sheet 
is a heavy, open-weave cloth or a 
glass mat or preform, where the 
strand integrity has been retained. 
Dimpling is not a problem with thin 
surfacing sheets of cloth or paper. 

Glass reinforced laminates of most 
of the polyesters support combustion 
and burn at about the same rate as 
wood, and simultaneously produce a 
dense, black smoke. Finely divided 
antimony trioxide, in combination 
with chlorinated hydrocarbons, will 
render these polyester laminates 
self-extinguishing. 

The refractive index of the poly- 
esters is different from the refrac- 
tive indices of the fillers, and conse- 
quently the molded combination is 
opaque. The fillers are white in 
color. The opacity hides all except 
surface fibers. The fillers form a 
good basis for coloring, generally 
added as pastes of colored pigments. 


Reinforcements 


Many reinforcements are used 
with plastics and in many forms. 
Those most frequently used in the 
“high pressure” thermosetting lam- 
inates are based on cellulose—paper 
and cotton cloth. However, paper is 
also frequently used in the polyester 
reinforced materials. 


Paper. For maximum mechanical 
properties high strength papers are 
used as reinforcement. Rag papers 
are favored for electrical applications. 
Since rag and alpha (highly refined) 
cellulose become translucent with 
melamine and polyester resins, they 
are used as overlay sheets. Short- 
fibered stocks such as groundwood, 
rag, and alpha are low strength re- 
inforcements. Kraft and Mitscherlich 
are high strength papers. Kraft usu- 
ally contains some color and can be 
combined with phenolics where col- 
or is not important. 

In thinner papers the fibers are 
more effectively oriented in the 
plane of the paper; thus, they im- 
part higher mechanical properties 
to laminates. Papers have limited 
extensibility, and are therefore used 
mainly for laminates. Of the several 
ways of specifying weights of pa- 
pers, the plastics industry has stand- 
ardized on one, the weight in pounds 
of 3,000 square feet. For example, a 
50 pound (24x36x500) paper means 
that 500 sheets measuring 24x36 in. 
weigh 50 pounds. Moisture absorp- 
tion restricts use of paper laminates. 
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Corton. The strength of a cotton 
fiber is influenced by its diameter 
and length. Fine cottons of long 
staple are strongest (and the most 
costly) and tensile values up 100,000 
psi have been reported for individ- 
ual fibers. However, strengths of the 
individual cotton fibers do not nec- 
essarily determine their reinforcing 
value. A few fibers may break, and 
ultimate failure may result from 
“slippage” of the remaining fibers. 
Twist provides resistance to slippage 
by holding the fibers tightly against 
each other, and longer-fibered cot~+ 
tons have a greater length in which 
to resist this slippage. 

There are so many variables in 
the make-up of cotton fabrics — 
grades of cotton, warp and fill yarns, 
counts, widths of fabric — that the 
number of combinations possible is 
almost limitless. Non-woven cotton 
webs look promising from the cost 
standpoint because 
are by-passed, 
highly oriented. 


weaving costs 
and the fibers are 


NvLoN. A newcomer to this field, 
nylon reinforced phenolics and mel- 
amines have low flexural modulus 
and good resistance to impact loads 
Nylon reinforced laminates are be- 
ing evaluated for electrical panel 
boards and such applications as 
self-sealing aircraft fuel tanks. 


CORDAGE FIBERS. Cordage fibers such 
as sisal are carded and formed into 
a blanket, after which some of the 
fibers are driven through in the di- 
rection of the thickness of the 
blanket. Generally used with phe- 
nolic resins, the batts can be molded 
at pressures up to 1,000 psi. 


ASBESTOS. While asbestos laminates 
are not particularly strong, asbestos 
imparts other interesting properties 
to laminates. Being inorganic, it 
does not burn. Also, it has a certain 
amount of resilience which is useful 
in molding. Iron-free asbestos has 
good electrical properties. 


Frsrous Gtass. Textile grades of 
fibrous glass are used to reinforce 
plastics, either in the form of fabric, 
as chopped strands or roving for 
preforming or mat. The basic unit is 
a filament, a tiny glass rod which for 
plastics reinforcement may be 0.0002 
to 0.0004 in. in diameter. These fila- 
ments are formed and collected in 
units of 204, described as a strand. 
Taken directly from the forming 
tubes the untwisted strands may be 
made into mats, chopped strands and 
roving. 

Two general types of binders are 


Specific tensile strength = 
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Mat molded /aminate 
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Owens-Corning Fiberglas Corporation 


Physical properties of glass-reinforced plastics compore favorably with 
those of aluminum and steel, when weight is taken into consideration. 


used to cohere the filaments into 
workable strands and to lubricate 
the glass as it passes through subse- 
quent operations. For yarn going 
into woven or knit fabrics the stand- 
ard binder is a starch oil combina- 
tion. For use with phenolic and 
melamine resins the fabric is “heat 
treated” (finish 111), volatilizing 


most of the oil and carmelizing the 
starch. For silicone resins and some 
polyester uses the fabric is “heat 
cleaned" (finish 112) to a point where 
the ignition loss is 0.1 percent or less 
Heat cleaned fabric may be subse- 
quently treated with a methacrylic 
chrome complex (finish 114), recom- 
mended for reinforced plastics parts 


Properties Of Woven Glass Cloths 
Used For Reinforcing Piastics 


Thick- Weight 
ness (Ounce per 
(inches) | Sq. Yd.) 


SQUARE-WOVEN FABRICS 
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Owens-Corning Fibergias Corporation 
Preform molding of fibrous glass is accomplished by col- 
lection of fibers on preforming screen (see diagram). 
After preform is positioned over the force (above), 
pigmented ond filled resin is poured over it. Then dies 
p (right) and pressure is applied as the resin cures. 






















































































































































































likely to be exposed to wet or humid 
conditions. 

The other type of binder applied to 
fibrous glass as it is formed contains 
ingredients to improve the speed and 
thoroughness of wetting by the lam- 
inating resin, and to improve strength 
retention of the reinforced plastics 
parts when exposed to damp condi- 
tions. This type of finish is applied 
to glass going into mats and roving, 
products which are made without 
much bending of the strand. 

While fibrous glass under moist 
conditions does not ordinarily take 
up more than 0.1 percent of water, 
its effect is out of proportion to the 
amount absorbed. For instance, in 
laminating with a finish 114 glass 
fabric and polyester resin on a 
humid day, laminates made from 
predried fabric gave 15 percent 
higher values for flexural strength 
than laminates made with room con- 
ditioned fabric. 

In addition to the woven fabrics, 
fibrous glass reinforcements are 
available in the following forms: 

Roving and Chopped Strands: 
Currently yarns, chopped to a nom- 
inal length of 2 in., and roving are 
supplied for the preforming process 
(described later). 

Plastics reinforcing mats are made 
of strands chopped to 2 in. lengths. 
Various resins bond the glass strands 
into mats that can be handled, avail- 
able in weights of 1% to 3 oz. per 
sq. ft. A uniformity of plus or minus 
25 percent is maintained, and pull 
strength of all mats exceeds 2 lbs. 
per in. of width in all directions. 

Fully-loaded mats: Commercial 
treaters supply glassmat containing 
polystyrene in the full amount need- 










ed for molding. Polystyrene-loaded 
mat looks promising for such appli- 
cations as refrigerator inner-door 
liners. 

Surfacing mats: Surfacing mats 
are made of single filaments, rather 
than of strands of 204 filaments, and 
hence impart little strength to res- 
ins. The distribution of fibers tends 
to overcome the tendency of the 
resins to “dimple” as they cure and 
shrink. Three treatments are used 
for surface-type mats: Since poly- 


Molding and 


The number of parts to be made is 
an important factor in the selection 
of molding method. Polyesters can 
be molded with low cost tooling 
which provides a limited number of 
pieces. However, when long runs 
are anticipated, good matched metal 
tooling is indicated. Strength re- 
quirements and exposure conditions 
influence the selection of both the 
laminating resin and the reinforce- 
ment, and in turn both of these in- 
fluence the selection of molding 
method. 


PROTOTYPES AND LOW COST TOOLING. 
Polyesters can be molded with little 
applied pressure, hence molds can 
be made of wood, plaster of paris, 
sheet metal, low melting alloys, con- 
crete, aluminum, and other readily 
formed materials. This type of tool- 
ing was common for production 
during the war because the parts 
were new; it allows quick changes 
in design as performance data be- 
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styrene is soluble in the polyesters, 
polystyrene bonded mats are used 
where forming and contouring are 
necessary. Starch bonded mats pro- 
vide an opaque whiteness which can 
be used with pigments for various 
solid colorings. Furfuryl bonded 
mats impart a brownish color to 
laminates, which in itself may be 
used for certain decorative surfaces. 
Furfuryl resins (derived from oats 
and other plant products) are also 
used with woven glass fabrics. 


Fabricating 


comes available. 

Hand finished prototypes give the 
designer a three dimensional work- 
ing model of the part he is styling, 
and sometimes point out difficulties 
to be overcome in production. 


DIAPHRAGM MOLDING. This technique 
employs male or female dies of met- 
al, wood, or plastics, and diaphragms 
of such materials as cellophane, rub- 
ber, or polyvinyl alcohol sheeting, 
for use with some of the phenolics 
and the polyesters. Several varia- 
tions are in use, most of them using 
from vacuum to 100 psi molding 
pressure. Unless the parts being 
considered cannot be molded by 
other methods, diaphragm molding 
is generally limited to production 
volumes in the range of several 
hundred parts. 

In one variation a tailored rubber 
diaphragm is clamped about its cir- 
cumference to a metal plate which 
can be mounted in a press over an 
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¦ glass roving 
Exhaust fon’ a 


Schematic drawing of preform machine shows Plastics Div., General American Transportation Corporation 
cutting and feeding of glass roving into air- 


stream, which deposits it onto preform screen 
that has contour of the part to be molded. 


Refrigerator inner door panel is molded of giass mat and polyester resins 
on specially-builit press, which produces about 20 doors per hr, at 100 to 
200 psi and 240 F. Molded-in white color eliminates painting, cuts costs. 


internally heated mold. After the 
press is closed, molding pressure is 
provided by air entering the space 
between the metal plate and the 
diaphragm. In another method, the 
plastic and reinforcement are as- 
sembled on a mold, and the unit 
sealed in an envelope. Evacuating 
the envelope holds the plastic layup 
securely against the mold. When the 
laminating resin is a polyester, the 
assembly can be cured with infra- 
red lamps or in a hot air oven. 


RUBBER PLUG MOLDING. In this meth- 
od a metal cavity and a rubber force, 
or plug are used. Chief advantage 
of the rubber plug is that it will 
accommodate moderate irregulari- 
ties in the thickness of the reinforce- 
ment, with irregularities resulting on 
the surface of the molded part adja- 
cent to the rubber plug. It might be 
favored over matched metal molds 
for short runs since tooling is sim- 
pler, but useful life of a plug is only 
a few hundred parts. This method is 
convenient only with simple shapes 
such as hemispheres. 


DIFFUSION MOLDING. One of the new- 
er techniques in molding with poly- 
esters derives from the injection 
molding of thermoplastics. With the 
mold closed on the reinforcement, 
liquid polyester is pumped into the 
space occupied by the reinforcement. 
Since the flowing resin tends to dis- 
place the reinforcing fibers, they 
must be bonded securely to each 
other or clamped securely by the 
mold. Fabrics give no trouble in this 
respect, but since this method is 
used for formed parts of mat or pre- 
formed fibers, the displacing tend- 


ency of the flowing resin is an im- 
portant factor. Heating the resin be- 
fore or during injection, lowers its 
viscosity, and speeds injection rates 
and fiber wetting rates. 


PREFORMING. Based on equipment 
used to preform felt hats, a method 
for making preforms of fibrous glass 
in a low-cost form has been devel- 
oped. Eliminating “hand tailoring” 
on complex shapes, it offers a 
speedy, economical method of mak- 
ing many, diverse shapes and in va- 
riable wall thicknesses. 

Since the reinforcing materials 
cannot be depended on to flow dur- 
ing molding, it is necessary to posi- 
tion the glass reinforcement accu- 
rately in matched metal molds 
before the mold is closed. In opera- 
tion, fibrous glass strands, chopped 
to about 2 in. lengths, are sent 
through picker rolls which “agglu- 
tinate” them into bundles of glass 
fibers. These are sucked onto a per- 
forated metal screen approximating 
the shape of the part to be made. 

Sharp corners provide a problem. 
Air flowing rapidly may tend to 
wash away deposited fibers. A ra- 
dius as small as % in. is possible, 
however, if the open area through 
the screen is increased at the cor- 
ners. Maintenance of the strand in- 
tegrity is preferred for maximum 
physical strengths in the laminate, 
but fuzzy preforms provide better 
surface finishes. 

Glass fibers do not “felt” and some 
resinous binder is required on the 
fibers in the preform so that the 
preform can be handled. Two types 
are used: Liquid and powdered res- 
ins, usually polyesters with or with- 
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out polystyrene. The liquids are 
water emulsions — they have the ad- 
vantage of tending to compact the 
fibers but have the disadvantage of 
requiring a drying operation before 
molding. The powdered resins can 
be collected with the glass strands 
and fused quickly in an oven. How- 
ever, some of the powdered resins 
may pass through the screen and be 
lost. 

Glass preforms are more expen- 
sive than mat on a pound basis at 
present. However, this increase is 
offset in many parts by eliminating 
cutting wastes from “tailoring” the 
mat. While the materials going into 
preforming are the same as the ma- 
terials found in mat, formed parts of 
preforms are stronger; there are 
fewer rejects, and the mold can be 
loaded faster. These factors more 
than compensate on many formed 
parts for the higher price, on a 
pound basis, for the preforms. 

Since formed glass fiber parts are 
being more frequently molded in 
matched metal molds, it would be 
almost impossible to duplicate in 
mat the results that are being 
achieved with preforms. 


MATCHED METAL MOLDS. Since a metal 
cavity and a metal force are used in 
this method, both the inner and 
outer surfaces of the molded parts 
are smooth. A uniform distribution 
of the reinforcement or a high resin 
content is required, particularly with 
polyester-glass combinations. 
Matched metal molding looks ex- 
tremely promising for glass fiber re- 
inforced plastics — polyester produc- 
tion cycles are faster than had been 
considered possible with thermoset- 
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Beetle Boat Company 
Production of 24-ft cabin cruiser shows potentialities of “low 


ssure” process. Above, glass mat is cut out for various 
I! and deck sections. Right, mold is removed from deck unit. 


ting Small parts of '» in 
wall thickness have been molded on 
20-second cycles. These parts, of 
polyester and fibrous glass, had 
good mechanical properties. A ther- 
mocouple in the plastic showed a 
temperature rise of only a few de- 
grees above the mold temperature, 
illustrating the thermal buffering 
value of massive metal molds 

In matched metal molding, parts 
are sometimes molded oversize and 
trimmed. For other parts the crowd- 
ing ring technique is used, to force 
the reinforcement down to the trim 
line as the mold closes. Also, shear 
rings may trim the reinforcement as 
the mold closes. Phenolic, melamine, 
and silicone resins are applied to the 
reinforcement. Polyesters may be 
poured in the mold cavity on top of 
the reinforcement. Platens for lami- 
nating are, in a sense, matched 
metal molds of infinite radius 


resins 


LAMINATING. Two laminating meth- 
ods are used—platen presses with 
one or more openings that will press 
phenolic, melamine, polyester, and 
silicone laminates — and continuous 
laminating, used with polyester res- 
ins since most of the equipment is 
designed to laminate with little or 
no pressure. 

In continuous laminating, webs of 
reinforcement are run continuously 
through individual dip tanks or over 
coating rolls, with metering rolls 
controlling the resin take-up. The 
assembly then travels continuously 
through a curing oven. In a vari- 
ation of continuous laminating the 
webs of reinforcement might be 
given a soaking for a period from a 
few hours to a few days. Soaking 
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permits denser webs to be used, with 
more reinforcement in the cured 
plastic. Still another method is to 
lead the assembly intermittently into 
an oversize laminating press. With 
massive metal platens to buffer the 
exothermic heat, cure cycles are 
short, and denser laminates result. 

Economics seem to favor continu- 
ous laminating for extremely thin 
laminates, while laminating presses 
are definitely favored for thicker 
sections, 

Of the thermosetting resins only 
the polyesters form rigid and flex- 
ible cured laminates, or by blend- 
ing, laminates of intermediate stiff- 
ness. Since the polyesters mold at 
much lower pressures than conven- 
tional thermosetting resins, less 
massive presses can be used. How- 
ever, since they can be cured more 
rapidly, faster operating presses are 
desirable. These are now being de- 
veloped. 

Symmetry is necessary both in as- 
sembling the layers of a laminate 
and in curing. Curing by applying 
heat to only one side causes warp- 
ing. When parallel surfaces are not 
of the same smoothness, distortion 
may be induced. Large flat areas 
can be “stabilized” by designing ribs 
or corrugations, which are molded 
in to provide stiffness. 


POSTFORMING. Certain of the phe- 
nolics and polyesters soften slightly 
when heated rapidly to tempera- 
tures well above their cure temper- 
Postforming uses this 
property to convert laminates into 
formed parts. Laminates for post- 
forming generally have their lami- 
nating cure shortened slightly so that 


atures. 
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they will soften more readily. Re- 
heating completes the cure. Post- 
forming techniques are necessarily 
fast because the resin remains soft- 
ened for only a shori time. Reheat- 
ing may require a minute, and 
within 5 seconds the limp sheet 
should be clamped in jigs holding 
it to the shape desired until cool. 
Since postforming distorts the 
fabric pattern, cotton laminates are 
most frequently used, paper and 
glass to a lesser degree. Postform- 
ing stock has a good surface finish, 
and with good processing the post- 
formed parts will have good sur- 
faces. Most stock is about !i* in 


thick. In a variation of postforming, 
called hot forming, the postforming 
jigs are located near the laminating 
press. Laminates are pulled hot and 
cooled in the jigs. 


MACHINING. Reinforced thermoset- 
ting plastics can be turned on a 
lathe, drilled, tapped, milled, ground 
and sawed with metal working tools 
Delamination of reinforced plastics, 
particularly those reinforced with 
fabrics, may result if care is not 
used in fabrication. The following 
precautions are based on glass fab- 
ric-base laminates, where the ten- 
dency toward delamination is most 
pronounced: 

Sawing: While glass based lami- 
пг :еѕ can be sawed with all types of 
metal cutting saws, most sawing is 
with band saws or with abrasive 
wheels. One-inch thick laminates 
have been cut on stone working 
equipment at speeds up to 44 in. per 
min. Cuts are limited to straight 
lines, and the units use steel center 
wheels, 16 in. in dia, !4 in. thick, 


FEBRUARY, 1951 





Bakelite Div., Union Carbide 
and Carbon Corporation 


Postforming techniques allow 


reshaping of cured, rein- 


sure” phenolic laminate. 


The Formica Company 
Postforming consists of heating sheet until plicable, 


then quickly bending to contour, and 


and turning at 1800 rpm. Diamond 
abrasive wheels are long-wearing 
Band sawing is fast either with the 
standard metal-cutting band saw or 
with a  wood-cutting band saw 
equipped with a metal-cutting blade 
Blades may be 20 to 23 gage, up to 
8 teeth per in., and with teeth set to 
clear one-half of the blade on each 
side. Width of the blade will be con- 
trolled by the radius to be cut 


Drilling into the edge of a lami- 
nate tends to sepa: ite the plies. When 


necessary to edge-drill, the 
laminate should be securely clamped 
between wood or metal supports 
While the hole may be started with 
a conventionally ground drill, once 
the hole is started, a bottom drill 
should be used. When drilling 
through the laminations, clamping 
is not necessary, and for small holes, 
high speed drills are satisfactory 
The cutting lip should be ground 
with a slightly negative rake to 
achieve the proper drilling action. 
Special carbide-tipped drills give 
longer life in production work. 
Larger holes can be drilled with 
carbide-tipped masonry drills or 
with gun drills. Still larger holes 
can be cut in thin laminates with 
fly or gasket cutters or with circular 
saw-tooth cutters of the type used 
to cut holes in sheet metal. Portable 
machines of the type used to take 
sample cores from concrete road- 
ways will drill holes up to 8 in. in 
diameter and up to 27 in. deep. 
Tapping and threading: High- 
speed, nitrided, chrome-plated taps 
are recommended; they should be a 
few thousandths oversize to com- 
pensate for the tendency of lami- 
nated materials to close up. If a hole 


it 1s 
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cooling in shape. 


is to be tapped, it should be drilled 
slightly larger than would be cus- 
tomary for metals. Generally, the 
holes are of such a size as to leave 
75 percent of a full thread; this pre- 
caution is taken to reduce the ten- 
dency of the top of the thread to 
break or peel off, giving a cleaner 
thread. When male threads are de- 
sired or when the opening for fe- 
male threads are of a sufficiently 
large diameter, the. work can be 
mounted in an engine lathe, and 
with a high speed grinder (up to 
45,000 rpm) on a grinder attach- 
ment, clean, full threads are pos- 
sible. Pipe threads can be ground 
with a taper attachment. 

Turning: Surface speeds of 100 
to 150 ft. per min. are satisfactory 
Female, rather than male centers, 
are recommended to avoid delami- 
nation. Carbide-tipped tools last 
longer. 

Punching: Thin glass-base lami- 
nates can be punched. Close fits are 
required between the punch and 
die between the die and stripping 
plate to produce a clean hole and to 
avoid fraying as the punch is with- 
drawn. A punched hole should be 
slightly smaller than the punch 
since laminated plastics yield 
slightly during punching. 

Sanding is a rapid method for re- 
moving stock. Grits Nos. 50 to 180 
are used; the selection of grit is 
influenced by the finish desired, the 
rate of stock removal, and the 
amount of stock to be removed. Belt 
sanding, either wet or dry, is rec- 
ommended. 


FINISHING. Reinforced plastics can 
be colored in any of several ways 
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1. Pigments or dyes can be in- 
corporated in the laminating resin. 

2. The visible surface layer can 
be a printed, colored sheet. 

3. The surface can be painted to a 
solid silk-screened if a 
pattern is desired. 

4. A clear or colored overlay film 
can be “gelled” on the mold and 
transferred to the laminate during 
molding. 

5. The reinforcing fibers can be 
colored. 

Pigments opacify the resins, caus- 
ing the reinforcing fibers to be vis- 
ible to different degrees, depending 
on their nearness to the surface of 
the laminate. Dyes in polyesters 
provide a translucent, colored resin 
For laminates, paper provides the 
ideal material for a decorative sur- 
face. Being flat, the sheet is not de- 
formed in laminating, and it can be 
printed with a suitable, colored de- 
sign. Surfacing this may be a clear 
transparent, hard sheet of highly 
refined (alpha) cellulose paper and 
resin to add “depth” to the design 
and to resist wear and abrasion. A 
pigmented, polyester resin overlay 
resembles a painted surface. Both 
the painted and pigmented overlay 
surfaces lack the “depth” of color 
associated with a transparent over- 
lay. 

Automotive primers and finishes 
are usually satisfactory for painting 
reinforced plastics surfaces. Special 
finishes may be required for special 
reinforced plastic parts which in use 
are deflected to an extreme degree 


color or 


FASTENING AND JOINING. The trend 
toward lower molding pressures has 
increased the size of parts than can 





be molded. However, it is sometimes 
necessary to assemble molded parts 
Generally a decision of this sort is 
influenced more by shape than by 
size. For instance, the hull of a 30 ft. 
boat has been molded in one piece, 
while for a 12 ft. sail boat it might be 
desirable to mold the hull, seats, deck 
and centerboard well separately and 
then assemble 


Properties and 


Realization that reinforced plastics 
made by combining dis- 
similar materials—strong reinforcing 
fibers embedded in a plastic matrix 
of lower strength — is helpful in un- 
derstanding their peculiarities. The 
resins have good compressive 
strengths, but other mechanical 
properties depend on the reinforce- 


are two 


ment. Flatwise compressive strengths 
are largely a function of the resin, 
while edgewise compressive strengths 
are influenced by reinforcements 
and intimacy of contact between re- 
inforcement and resin 

Reinforced plastics are not classed 
as ductile materials, and hence may 
be more sensitive to stress concen- 
trations, particularly at such points 
as bolt holes. Many glass-polyester 


combinations have a fairly 


straight 
Stress-strain curve 


near ultimate failure 


up to a point 
With other re- 


inforcements, the stress-strain curve 
drops off in the upper portior of 
the curve. 

For any 
strength of the reinforced plastic is 
a function of the quantity of rein- 


given reinforcement the 


forcement contained and the direc- 
Different 
inforcing fibers improve mechanical 
properties by varying 
Stress strain curves for 


tion of its placement re- 
amounts 

reinforced 
plastics are influenced by the lam- 
inating resin, the reinforcement, and 
the Of 
factors exhibits 
by far 


ence 


molding conditions these 
the 


the most pronounced influ- 


reinforcement 


Organic reinforcements based 
on cellulose are generally weak and 
low for yield 
thermoplastics 


show values 
Filaments of 
used as a 
flow. 

In the chart page 97, the 
stress-strain curve for NEMA Grade 
C (cotton fabric and phenolic resin) 
drops off almost from the start. The 
asbestos-phenolic laminate is some- 
what better. 

High strength Mitscherlich paper 
is made of long fibered stock and is 
highly orientated in the plane of 


point 
when 
cold 


reinforcement may 


on 


Assemblies can be made with bolts 
or rivets, but bonded joints are 
usually preferred. Generally the 
bonded joints should be designed to 
carry shear loads for a joint so de- 
signed be loaded more uni- 
formly, and for maximum efficiency 
scarfed joints are used. Some typical 
joint designs are shown in the ac- 
companying sketches. 


can 


Design Factors 


the paper. The stress-strain curve 
(S) resulting from testing a phe- 
nolic laminate is only slightly curved 
and could be considered as a struc- 
tural material. Straightest of all is 
the stress-strain curve for the 112- 
111 glass cloth and the polyester 
laminate (AB). This curve is typical 
of the stress-strain curves for glass 
cloth-polyester laminates. It shows 
two straight sections, and for this 
reason, in exacting work the slope 
of the first load-deformation curve 
is used to determine and report an 
initial modulus of elasticity value. 
The stress-strain behavior of lam- 
inated plastics is thus quite differ- 
ent from the familiar "typical" 
stress-strain curve for steel. 
Fibrous glass in itself appears to 
elongate in an elastic deformation. 
Laminates based on glass show 
elastic deformation to different de- 
grees depending on the orientation 
of the fibers. For instance, a lami- 
nate of glass cloth (Fiberglas 181- 
114) and polyester resin (Laminac 


ADHESIVE 


SCARF JOINT 


SINGLE LAP WITH JOGGLE 


FLAT VEE JOINT 


4115) showed the following strength 
values (psi): 


Ultimate strength, Flex 67,400 

Yield strength, Flex. 0.2% offset 67,400 

Tangential Proportional limit, 
Flex 

Ultimate strength, Comp., 
Edgewise 

Yield strength, Comp., 
Edgewise 0.2% offset 


45,000 
38,300 


38,300 


The deflection of a laminate based 
on glass cloth is small and when the 
yield point is determined by the 0.2% 
offset method, values for yield and 
ultimate are identical. 

Principal factors influencing the 
amount of reinforcement in a plastic 
are its physical form and the mold- 
ing or laminating pressure. As used, 
the reinforcement may be fluffy or 
dense. Molding pressure tends to 
densify the reinforcement. When 
using mats, batts, and webs, higher 
mechanical strengths result with 
highly densified structures contain- 
ing a greater amount of reinforce- 
ment. Manufacturing methods orient 
fibers in the “machine direction.” 

In general, fabrics provide higher 
strength levels. Twisting, plying, 
and weaving compact the reinforce- 
ment in a regular pattern, allowing 
high percentages of reinforcement 
to be used. Thinner fabrics have the 
fibers more effectively oriented in 
the plane of the fabric, giving (ex- 
cept for impact) higher properties. 

When yarns square woven, 
one fill yarn passes over one warp 
yarn, under one fill yarn, over the 
next, etc., bending the yarns in both 


are 
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Effect of Form and Amount of Glass Reinforcement on Strength of Polyester Laminates 


Resin Content, percent pet ‘ 
Tensile Strength, psi lengthwise specimen 
Compressive Strength, psi tested lengthwise 
Flexural Strength, psi lengthwise specimen 


Parallel Laminated Cloths 


Reinforcing 
Mats and 
Preforms 


Modulus of Elasticity in Flexure lengthwise speci- 


men, psi 


Impact Strength lengthwise specimen ft-Ib/in. 
Width s ò 


Shear Strength, Johnson, psi... 
Bearing Strength, psi . 

Specific Gravity Яа 
24 hr Water Absorption, percent 


*Square Woven Cloth 


directions in a series of “S” curves 
As heavier yarns are used for 
thicker fabrics, the "S" curves be- 
come "corruga- 
tions." Heavier square woven fabrics 
generally produce laminates of low- 
er modulus, while tensile, flexural, 
and edgewise compressive loads 
more easily elongate or buckle these 
curved “columns” of fibers. Since 
laminates from these heavier square 
woven deflect they 
absorb impact loads more readily, 
and are better suited for postforming 

Essentially the 


more pronounced 


fabrics easier, 


same considera- 


HINGE JOINTS 


Ly 


= 
Q 


DRILLED HINGE 


tUnidirectional Cloth 


tLong Shaft Satin Weave Cloth 


tions exist in mat reinforcements 
Some of the mats have the fibers 
curved or “crimped” in the plane of 
the mat. These mats are particularly 
good for impact loads. 

Special fabrics can be used for 
special reinforcing effects. For ex- 
ample, there are undirectional fab- 
rics, which may have as much as 95 
percent of the yarn positioned in the 
warp direction. These use a fine fill 


yarn and a heavy warp yarn. The 


fine yarns absorb most of the crimp, 
and the heavy yarns remain essen- 
tially straight, a condition particu- 


BOLTED AND RIVETED 
JOINTS 


No. No. 
46 44 38 38 33 


Cross 
Laminated 
Cloth No. 


Courtesy: Owens-Corning Fibergias Corp 


larly useful for flexural or column 
loading. 

Long harness satin fabrics, woven 
by passing each fill yarn under one 
and over several warp yarns, pro- 
vide yarns as straight 
columns for a portion of their length 


Their 


where 


essentially 


reinforcing: value is 
between the unidirectional 
and the square woven fabrics 


some- 


DIRECTIONAL PROPERTIES. Mechanical 
properties of reinforced plastics are 
also influenced by the direction in 
which the reinforcing fibers are po- 


JOINTS IN 
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Effect of Direction on Mechanical Properties of Glass Cloth Poryester Laminates 





Compressive 
| Strength(/,000 psi} 
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sitioned in the plastic-fiber struc- 
ture. When loadings are directional, 
and their magnitudes known, rein- 
forcements can be positioned in the 
proper directions and used in the 
proper amounts to effectively resist 
the loadings 
Although reinforced plastic parts 
can be made with only a layer of 
reinforcement, most are reinforced 
with multiple Since there 
are alternate layers of strong rein- 
forcement and relatively weak resin, 
the engineer must guard against 
stresses to which this particular 
construction is peculiarly sensitive. 
These include shear stresses in the 
plane of the laminate and tensile 
stresses at 90 deg. to this plane 
Even in the plane of the laminate, 
properties are usually directional, as 
illustrated by the accompanying 
polar graphs. One polyester resin 
(Selectron 5003) was used with dif- 
ferent forms of glass fiber reinforce- 
ment. A mat reinforcement of glass 
fibers about 2 in. long positioned at 
various angles in the plane of the 
mat shows a round strength pattern. 
Directional properties of an ap- 
proximately square woven fabric of 
about 7 mils thickness (Fiberglas 
cloth No. 128), parallel laminated, 
are shown in A. Flexural strength, 
flexural modulus, and edgewise 
compressive strengths are highest 
in the warp and fill directions, while 
impact strengths are highest 
at 45 degrees. As shown in B, the 
strength pattern of an eight harness 
satin Fiberglas cloth No. 181, which 
laminates to a thickness of about 
10 mils, approximates the pattern of 
the square woven cloth. 
Laminating a unidirectional fabric 
(Fiberglas cloth No. 143) having al- 
most all of the fibrous glass in the 
warp direction to a thickness of 
about 10 mils, highly directional 
properties result from placing the 
plies parallel (parallel laminating), 
as shown in C. When this fabric is 
cross laminated (adjacent plies po- 
sitioned with a 90 deg. angular ro- 
tation), the strength pattern re- 
sembles the pattern obtained with 
cloth Nos. 128 and 181, but as shown 
in D, with more pronounced peaks 
and valleys, particularly the flex- 
ural strengh curves. Note that the 
pattern is not symmetrical about a 
45 deg. axis, showing the effect of 
the surface ply of the unidirectional 
cloth. In interpretating these data it 
is important to realize that standard- 
size test specimens were cut from the 
panels in the angular directions re- 
quired for tests of this type. Oc- 
casionally premature failure may 
result from slippage of cut fibers. 


layers 
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THERMAL PROPERTIES. Tests on ther- 
mosetting laminated materials in- 
dicate that flexural modulus values 
increase with exposure to elevated 
temperatures. This suggests that 
commercial curing cycles, although 
satisfactory for the intended use, do 
not completely cure the resin 

In the lower chart on page 98 is 
shown the effect of reinforcement 
on heat of distortion. In the chart 
one resin (Selectron 5003) was used 
for laminates of different reinforce- 
ments, which produced the curves 
indicated. The method selected for 
testing these specimens was de- 
signed to rapidly screen the field. A 
flexural test was devised because 
flexural strength is possibly the most 
important single property, and be- 
cause the flexural test, being more 
dependent on surface conditions, is 
more sensitive to temperature 
changes. 

In these tests, the specimens were 
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STRESS STRAIN CURVES FOR 
VARIOUS LAMINATES (77F) 


K — Asbestos - fabric phenolic 
S — Higħ-strengtħ paper phenolic 


W-— Grode C phenolic 


2 — Rayon -cotton-fabric phenolic 


AB— Gloss - fabric unsaturated 


polyester 





0.03 


Strain, in. 


supported near the ends and loaded 
in the center with a fixed weight, 
sufficient to give a calculated ex- 
treme fiber stress of 5,000 psi. All 
the laminates were of about the 
same thickness, but minor differ- 
ences were compensated for in the 
weight of loading. The specimens 
were tested one at a time, in a 
forced circulation, hot air oven with 
a dial indicator to measure deflec- 
tion at the center. Starting from 
room temperature, the temperature 
of the oven was raised one deg. F a 
minute. 

These curves result from plotting 
temperature vs. deflection. Many of 
these show distinct changes in the 
curvature, indicating progressive 
cure of the resin even as the tests 
were conducted. The curves are an 
indication of stiffening and soften- 
ing, not deterioration at elevated 
temperatures. 

Thermosetting resins are affected 
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Effect of Temperature on Properties of Resin and Reinforcement Combinations 
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Temperoture, F Temperoture, F Temperature,F 
Laminates tested: AB is glass fabric-polyester parallel lami- fabric and 47% phenolic resin. $ is high strength paper cross 
nated at 40 psi with glass cloth and 43% polyester resin. K is laminated at 250 psi with 30% phenolic. W is rayon-cotton fab- 
NEMA Grade AA, parallel laminated at 1,800 psi with asbestos ric phenolic, cross laminated at 1,100 psi with 38% phenolic. 


From: Journal of Research of the National Bureau of Standards, Vol. 43, Sept. 1949 
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by elevated temperatures. They may 

Temperature-deflection curves show that the form of glass reinforcement is a soften somewhat, but not to the de- 

prominent factor in selecting a material to resist elevated temperatures. gree associated with the thermoplas- 

Ong Fi is tics. Prolonged exposure at elevated 

i n temperatures may lead to chemical 

decomposition of the organic rein- 

forcement or resin matrix. Both the 

шетт. у Gloss cloth No. 43-114 cross-lominoted amount of softening at elevated 

К temperature and the amount of deg- 

redation on continued exposure are 

functions of the inherent properties 

of the material used. Most of the 

Glass cloth No. 181-114 thermosetting resins are entirely or- 

t ! ! t t ganic; an exception is the silicone 

group. With their repeating silicon- 

to-oxygen linkages they are part 

inorganic and, as might be expected, 

Gloss cloth No. 182-114 have outstanding resistance to ele- 
vated temperature. 

Of the reinforcements, asbestos 

and fibrous glass are inorganic 

Glass cloth No. 183-114 They too have outstanding resist- 

ance to elevated temperature. Glass, 

considered by some as a supercooled 

liquid, softens with heat, but since 

Gloss cloth No. 162-114 its softening rate is slow it is the 

resin matrix which determines the 

use conditions when ambient tem- 

perature is a limiting factor. Many 

of the manufacturers of polyesters 

provide a “family” of resins includ- 

ing a general purpose polyester, a 

polyester resistant to elevated tem- 

Gloss reinforcing mot peratures, and self-extinguishing- 

polyesters. 
To determine the effect of ele- 
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Effect of Temperature on Fatigue of Glass Cloth’ Polyester’ Laminate 


28,000 


(*Fiberglas 181-114 **Laminac 4126) 


ROTATING BEAM FATIGUE TEST 


Test specimen 


Amplitude of alternating stress, psi 
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From — Unpublished Report of W. M. Findley and W. J. Worley, Univ. of Iil., Urbana, Iii., to Wright-Patterson Air Force Base, Dayton, O. 


vated temperatures on mechanical 
properties of reinforced plastics, the 
National Bureau of Standards tested 
various resin-reinforcement com- 
binations at -70 F, 0 F, 77 F and 
200 F. The results are shown in the 
charts above. Tests were conducted 
at the indicated temperatures after 
conditioning the specimens 24 + 
2 hr. at the test temperature. These 
tests then indicate both the amount 
of degredation occurring in 24 hr. at 
the test temperature and the amount 
of softening. 

In a series of tests conducted at 
Johns Hopkins University laminates 
of glass cloth (Fiberglas No. 181- 
114) and polyester resin (Stypol 
16B), ultimate strength values (psi) 
were as follows after 30 min. at the 
indicated temperatures: 


Temp., F Tensile 
77 32,340 
250 29,220 
400 27,140 19,630 
500 22,450 17,840 
650 15,400 7,980 
For fibrous glass and for glass re- 
inforced polyesters, approximate 
values for coefficient of thermal ex- 
pansion are (per deg. C): 
Fibrous glass 
Glass cloth-polyester 10 x 10-6 
Glass mat-polyester 25 x 10-6 
Thermal conductivity values for 
glass polyester laminates are in the 


Flexural 
36,070 
26,660 


5 x 10-* 


range of 2 to 3 Btu/hr./sq. ft./F in. 
thickness. In general as the glass 
content of the laminate is increased, 
the K value is increased. 


FaTIGUE. Engineering literature con- 


tains little published information 
relative to the fatigue characteristics 
of reinforced plastics. Some of the 
published information was based on 
laminates reinforced with heat 
treated (finish 111) glass cloth. This 
heat treated finish is a spongy, por- 
ous mass of carmelized starch which 
tends to space the laminating resin 
from the surface of the glass. A 


FATIGUE CHARACTERISTICS OF 
GLASS-POLYESTER 
ROD AND BAR STOCK 
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finish that provides more intimate 
contact between glass surface and 
laminating resin would logically be 
expected to provide laminates with 
greater resistance to fatigue. Other 
factors which affect laminate 
strength might logically be expected 
to influence fatigue limits. The 
characteristics of the resin is a 
limiting factor. This is particularly 
true when fatigue characteristics 
are determined at elevated temper- 
atures. Published data does not 
prove the existance or non-exist- 
ance of the “knee” characteristic of 
the ferrous metals, and beyond 
which further fatigue does not 
lower the fatigue limit. Or, possibly, 
like wood and many aluminum al- 
loys the allowable stress in fatigue 
is lowered as the number of cycles 
is increased. Most of the work has 
been stopped at about 10,000,000 
cycles at which point the S-N 
curves are almost horizontal. Some 
tests indicate that the fatigue 
strength of reinforced plastics m.a- 
terials may be affected by the speed 
of testing. 


WEATHERING AND WET STRENGTH. Until 
a few years ago, plastics were used 
almost exclusively indoors, where 
they would be protected from the 
elements. Plastics reinforced with 
organic materials (cellulose) absorb 
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normal production care in lamina- 
ting, absorption after 30 days immer- 
sion in water may be 1.0 percent or 
less, and the laminate may retain 80 
percent of its dry strength. With care 
in laminating these values may be 
improved. In the laboratory, with 
powdered inorganic fillers added to 
the laminating resins, 100 percent 
retention of the strength has been 
observed on mat laminates after 14 
days in water 

In high speed aircraft, when glass- 
polyester radomes are used to protect 
delicate electrical equipment from 
the elements and to allow transmis- 
sion of the radiated energy, the ero- 
sion effect of rain, hail, sand stones, 


Properties of Glass Mat-Polyester Laminate 
at Room Temperature and іп 180 Е Water* 


Specific Gravity 


Modulus of Elasticity in Flexure, psi 
Resin Content, percent 


At room temperature, dry 
In 180 F water, 24 hr 


Flexural Fatigue Limitt, cycles 
At room temperature, dry 
7,000 psi extreme fiber stress 
6,000 psi extreme fiber stress 
In 180 F water 
1.250 psi extreme fiber stress 
1,000 psi extreme fiber stress 


Water Absorption, 

24 hr, percent 
in room temp. water 
in 180 F water 


Flexural Strength, psi 
At room temp., dry 
In 180 F water, 24 hr 


32,560 
17,040 


*Room temperature specimens were conditioned 96 hr at 77 F and 50% R.H., while wet speci- 


mens were conditioned 24 hr in 180 F water. 


t Flexural fatigue limits were determined by constant frequency, constant (step by step adjust- 
ment) stress method, using Krouse type machine and standard specimens of 1 in. width and 
2.75 in. length. Rate of testing was 1760 completely reversed cycles per second. 


an appreciable quantity of water 
when immersed in water or exposed 
to humid conditions. Fibrous glass 
reinforcements, however, do not in 
themselves absorb moisture although 
the 
glass to absorb a minute film of water 


on its surface. In addition, the poly- 


there is a strong tendency for 


ester resins have best resistance to 
weathering, when compared with the 
other thermosetting resins. This is 
not surprising in view of the fact that 
the polyesters are chemically similar 


Industrial 


ELECTRICAL. Economics favor contin- 
uous laminating techniques of glass 
cloth (not mat) or paper, to form 
sheet thicknesses up to 'is in. Thicker 
laminates, including all the present 
NEMA grades laminated їп 
presses 


One ply 


are 


of glass fabric continu- 
ously laminated in a low modulus 
thermosetting polyester provides a 
flexible sheet which can be used in 
place of mica sheet for many elec- 
trical uses, such as washers and lin- 
ers. Such a sheet is unaffected by the 
solvents in electrical varnishes and 
by the varnish cure cycles. Electrical 
varnishes wet and adhere to the sur- 
faces of these laminates 

Glass mats will undoubtedly im- 
prove in the future so that they can 
be laminated with phenolics, mela- 
mines, and silicones. Currently, how- 
ever, glass mats are laminated almost 
exclusively with polyesters. Thus 
laminates using glass mat reinforce- 
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to the alkyds which are used as a 
base for weather-resistant enamels 
lacquers. The combination of 
polyester resins and fibrous glass re- 
inforcements provide a light, struc- 
tural material, suitable for many 
outdoor uses. Proper combinations of 


and 


glass and polyester do not appreci- 
ably warp, crack, delaminate, soften, 
craze, change dimensions or weight 
in going from exposures in the trop- 
ics to the Arctic 


With current materials and with 


and other foreign items in the air 
presents a difficult problem. Void- 
free laminates — the resin appears to 
be in intimate contact with lamina- 
ting resin and no voids are caused by 
entrapped air or volatilized styrene 
may be 25 times as resistant to rain 
Voids seem to provide a 
"toe-hold" to tear away the lamina- 
tions one by one. A combination of 
rain and hail erodes faster than rain 
impinging on a flat surface. In one 
series of tests the rapidity of rain 
erosion appeared to increase as the 
sixth to eighth power of the speed 
Present practice is to surface ra- 
domes with a 10 mil coating of a 
rubber-base paint, or if the electrical 
properties can be changed, with an 
adhered shect of a resilient material 
such as rubber or polyethylene. 


erosion 


and Consumer Applications 


ment are limited to use with poly- 
ester 


716 in or 


thicknesses of 
greater. Commercially, 
polyester laminates reinforced with 
glass mat or with finish 114 glass 
cloth are available in thicknesses up 
to 1 in. from stock, and in thicker 
sheets on special order. Properties of 
electrical-grade laminate of the fol- 
lowing composition by weight — glass 
reinforcing mat, 34^; ; inorganic filler, 
26% ; electrical grade polyester, 40% 
include 


resins and in 


Tensile strength, psi 


24,000 
Flexural strength, psi 34,000 
Compressive strength 
tested edgewise, psi 25,000 
Izod impact, ft-lb/in. width 25 
55 to 60 
1.54 
460 


Brinnel Hardness No 
Specific gravity 
Dielectric strength, v/mil 
Water absorption, 

72 hr immersion, % 0.43 


Molded Resin Fiber Company) 


Polyester-glass mat laminates com- 
pare favorably with NEMA Grade C 
(cotton fabric-phenolic). Cost is of 
the same magnitude; density is about 
10 percent greater; mechanical prop- 
erties, arc resistance and resistance 
to degradation at elevated tempera- 
tures are appreciably improved. Spe- 
cial formulations of polyesters are 
classed as self-extinguishing. These 
rigid thermoset laminates of glass 
mat and polyester can be punched, 
drilled, machined with carbide-tipped 
tools and cut with abrasive wheels 
and band saws. Most of the polyesters 
reinforced with glass mat resist ele- 
vated temperatures better than Grade 
C phenolic-cotton laminates. Special 
heat resistant, polyester resins, rein- 
forced with glass, are unusually re- 
sistant to heat 

Electrical failures of insulating 
materials sometimes result from the 
action of an electrical arc over a non- 
conducting surface. Certain plastics, 
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Variety of reinforced plastics ore used in 
induction heating coll for pinion pulling. 
Tubing in center, where temperature may be 
above 400 F, is made of glass-melamine or 
glass and special heat-resistant polyesters. 
End plates are made of asbestos-phenolic. 
Cover is bent of thin strip of glass-melamine. 


National Electric Coil Company 


Laminated Plastics, Inc. 
Slot sticks, end washers and other electric motor parts 
are readily fabricated from fibrous glass-reinforced poly- 
ester plastic materials. These parts easily withstand NEMA 
Class В operating conditions, occasional extreme over- 
leads, and rough mechanical abuse. Slot sticks are sawed 
and edge-milled from 7/32 in. sheet stock. 


Laminated Plastics, Inc. 


Power line insulator molded of glass and 
polyester resins, with machined steel insert, 
hes superior electrical and physical prop- 
erties. Compressive strength (on end) is 
65,000 Ib, electrical puncture voltage is 35 kv 
and resistance to arc track is 120 seconds. 


Molded Resin Fiber Company 
Armature end shelf molded of gloss-polyester for Reliance Electric 
heavy mine motor. These parts serve as a shield between the 
linings and the armature core and replace mica and glass-tope 
structure. which previously required costly hand taping. 





Properties of Electrical Grade 
Paper-Base Polyester Laminate 
hig in. thick} 


P 


Arc Resistance (A.S.T.M. D495-42), seconds Large electrically-transparent" radomes are made of 
glass fabric and polyester resins, in a sandwich structure 
‘Plastics Div., Continental Can Company! designed for optimum radar reception with minimum drag 


particularly the phenolics, carbonize 
on the surface, providing an electri- 
cally-conductive short circuit. Occa- 
sionally dirt deposited on the plastic 
surface may carbonize to provide a 
short circuit. In general the poly- 
esters are highly resistant to carbon- 
izing and carbonized dirt can be 
wiped off readily. 

Rigid polyester-glass laminates can 
be used for slot sticks, coil end plates, 
coil washers, panel board, mounting 
plates and similar components. Elec- 
trical properties of a glass mat-poly- 
ester laminate include 


Resin* content, % ó 
Dielectric strength, v/mil 
i Y A TETETTE 
| 


BENE. 

Dielectric constant 

60 cps .... 

10° cps 

3x10" cps . 
Dissipation Factor 

60 cps . 

10° cps .. 

3x10" cps 
Arc Resistance, sec 


American Cyanamid Company 

Refrigerator shell gussets and strike plates, used to attach such parts as food 
liner to outer shell, are molded of gloss-polyester by Molded Resin Fiber Com- 
peny. Rate of heat transfer is reduced, so larger capacity liner cen be used. майн 
*Laminac 4115 
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(Above) Radar azimuth drive 
assembly cover molded of 
gless-polyester for the Bell 
Telephone Laboratories. 


(Right) 


strength of new par? is much 
greater than formor design. 
Laminated Plastics, Inc. 


Radomes — dome-like structures 
placed over high frequency radio and 
microwave radar antennas to protect 
them from the elements — are made 
of combinations of glass reinforce- 
ments and polyester resins because 
they provide the most satisfactory 
balance of mechanical properties, 
electrical properties and minimum 
water absorption. Very high fre- 
quency radio waves allow consider- 
able flexibility in radome design, but 
in the microwave radar range, where 
the wavelength may be only a few 
centimeters, the thickness of the shell 
becomes an important consideration; 
consequently the reinforcement is 
glass fabric to get proper mechanical 
performance with minimum thick- 
ness. Like visible light passing 
through plate glass, this radiated 
power tends to propagate along a 
straight line, but can be absorbed, 
refracted, reflected or diffracted by 
the electrically -transparent glass re- 
inforced polyester 

Installations of radar radomes on 
high speed aircraft and on guided 
missiles tax the ingenuity of design 
engineers. In addition to the consid- 
erations mentioned previously, ra- 
domes should be streamlined, resist- 
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ant to rain erosion, and remain rigid 
under high wind loads. Radomes for 
high speed aircraft and guided mis- 
siles are generally made of sandwich 
construction to provide the desired 
rigidity. Choice of core material 
(foamed plastic, foamed rubber, or 
honeycomb of glass fabric and poly- 
ester) is not an essential factor, but 
the thin, dense skins of glass fabric 
and polyester resin must be spaced 
by the core properly so that the rad- 
iant waves are not thrown apprecia- 
bly out of phase. 


The radomes have complex, com- 
pound curvatures with both the core 
and skins of varying and closely con- 
trolled thickness and with the rein- 
forcement accurately distributed in 
the skins, to prevent beam shift. 


APPLIANCES. Outstanding examples 
of successful parts molded from poly- 
ester-glass materials include the 
washing machine tub and agitator 
parts, molded in matched metal dies 
for the Apex Electrical Manufactur- 
ing Company. The advantage of 
molding in the 200 psi range is illus- 
trated by the case history of one 
Kirksite mold. Made originally to 
produce inexpensively a few parts 
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to check part design, the mold con- 
tinued in production after the part 
proved satisfactory, and is current- 
ly producing good parts after 15,000 
molding cycles. 

When parts in metal would be 
made of castings, glass polyester 
parts should be considered for eco- 
nomical design. One washing ma- 
chine assembly in aluminum which 
weighed 28 lb, when redesigned in 
reinforced plastics, was reduced in 
weight about 50 percent. In addition 
the more complex contours possible 
in the reinforced plastics part in- 
creased the washing efficiency 

Factors which influenced the selec- 
tion of glass reinforced plastics in- 
clude 

l. High strength levels combined 
with reduced weight is necessary for 
rotating and reversing parts where 
power requirements and where cen- 
trifugal stresses may be important 

2. Molded parts have a high degree 
of dimensional stability. Out-of- 
round tolerances of 1/32 in. were 
held on a washer tub 24 in. dia. Also 
parts 24 in. dia are slip-fit assembled 
as molded 

3. The material is in itself non-cor- 
roding and resistant to many chem- 
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Chemical resistant pipe and fume duct is constructed 
of furfury! alcohol resin reinforced with glass fabric. 
Such pipe is lightweight, impact resistant, has smooth 
interiors, and can be easily manipulated in the field. 
Pipe or duct are joined by means of flanges, or 
wrapped joints molded ut room temperature. Such 
joints are highly resistant to chemical attack. 

Chemicals Dept., Quaker Oats Co 


icals and water. Washing machine 
tubs were tested continuously for 
1,000 hr using water at 180 F and 
containing 0.4 percent of a severe 
detergent 

4. The material does not dent. Thin 
metals do dent, and the necessary 
surfacing of enamel to prevent cor- 
rosion may be chipped. In production 
this means that the reinforced plas- 
tics parts need not be “coddled” to 
the same degree 

5. Reinforced plastics are thermal 
insulators — the coefficient of thermal 
conductivity for a glass mat or pre- 
form laminate is about one-thou- 
sandth (0.001) of the K value for 
aluminum. Thus heat in the water 
in the tub is retained longer 

6. Compared with metals, rein- 
forced plastics are acoustical insu- 
lators. They tend to provide “noise- 
free” operation. Also, this same 
damping characteristic tends to re- 
duce vibration when it is present 

In refrigerators, polyester -glass 
and polystyrene-glass laminates are 
beginning to replace the phenolic 
laminates. They can be pigmented 
to a “refrigerator white,” thus elimi- 
nating a painting operation which is 
necessary with phenolics. Their low 
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Complicated shapes are molded of glass fabric-poly- 
ester in one piece over plaster “break-away” molds. 
Heating and ventilating ducts for aircraft are fre- 


quently lighter and less expensive than aluminum parts. 
North American Aviation, Inc. 








thermal conductivity, lack of odor 
and dimensional stability are addi- 
tional reasons for using the new 
materials in refrigerators 


PIPE AND TUBING. One of the largest 
potential applications for reinforced 
plastics is pipe and tubing. Phenolic 
and melamine tubing based on paper 
and on cotton and glass cloths are 
available in substantial quantities. 
Bulk of the sales goes to the elec- 
trical field, which utilizes their diel- 
ectric properties. To a limited extent 
pipe of glass cloth and special phen- 
olic resins is used in the chemical 
process industries where chemical 
corrosion is a problem. However, 
with present manufacturing methods 
and phenolic resins it is difficult to 
contain volatiles liberated during 
cure and hence porosity in the pipe 
is a problem 

More promising for pipe is the 
combination of glass and polyester. 
Mechanical properties are high and 
stay high even after prolonged ex- 
posure to moisture. Made in pilot 
plant quantities for field evaluation 
the glass-polyester pipe, properly 
fabricated, is in general little affected 
by fresh water, salt water, moderate 
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4, 
-Polyester Tubi 
Flexure Test 


Gloss 


o6 08 
Семе, Deflection, in 


concentrations of many acids and 
alkalis, aliphatic and aromatic hydro- 
carbons. In oil refineries glass-poly- 
ester pipe might replace metal pipe 
for certain corrosive uses up to 200 


to 250 F, and offer operating econo- 
mies through lower initial cost and 
or longer life. If designed in metal, 
maximum internal bursting pres- 
sures can be as low as 500 psi, based 
on minimum yield strength and a 
factor of safety of 4.0, with maximum 
design temperature 140 F. Glass- 
polyester combinations meet these 
conditions easily. Steel pipe is usu- 
ally lined with a special material to 
resist the corrosive action of crude 
oil. Also, electrolytic corrosion may 
in extreme cases cause iron pipe to 
fail in as little as six months. Since 
glass polyester pipe is an effective 
electrical insulator it resists such 
conditions of exposure. Most poly- 
esters are resistant to crude oil, both 
sweet and sour, to salt and sulfur 
water, and to natural gas containing 
hydrogen sulfide. These constitute 
the principal corrosive agents found 
in an oil field 

The special properties of glass- 
polyester pipe are likely to lead to 


extensive use in other fields including 












































chemical process, textile, mining and 
aircraft. Glass-polyester is being 
used successfully as ducting for acid 
plating baths to carry away fumes. 
The material is lightweight, so that 
suspension is not much of a problem. 
Also, the material tends to damp out 
noises and vibration that might be 
present and undesirable. 

In an extensive evaluation pro- 
gram completed by the Bureau of 
Ships, glass-polyester pipe was 
found satisfactory for most shipboard 
uses, except high pressure steam 
lines. Its advantages are most appar- 
ent in uses where there is contact 
with salt water. For these a 70-30 
copper-nickel alloy has been used to 
withstand the salt water; glass-poly- 
ester pipe also withstands salt water, 
but can do the job with a substantial 
reduction in weight. Shipboard uses 
might include air systems, drainage 
systems, fuel oil filling, flushing and 
other salt water systems. Best me- 
chanical properties are attained 
with the regular polyester resins, 
which burn at about the same rate 
as wood. To the extent that wood 
presents a fire hazard, so also is this 
glass-polyester pipe. However, coat- 
ings are available which successfully 
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Apex Electrical Manufacturing Company 
Balancing ring used in automatic clothes washer is assembled from three rings as a 
slip fit and bonded with a polyester resin. These rings come from the mold accurately 
fo size (about 24 in. dia), so they can be easily assembled. Also shown are molded 
water baffies and stiffeners. in the lower holf and right of the illustration are the 
three major rings, water baffles and stiffeners for the balancing ring (center above). 


overcome this hazard. 

As shown in the following list of 
properties, glass-polyester pipe and 
tubing, when considered on a weight 
basis, has the highest bursting 
strength of any piping material 
known: 


Specifications of Tubing 
ID, nominal, in 
Wall thickness, nominal, in 
Specific gravity 
Weight per foot, lb 
24 hr water absorption, % 


Column compressive strength 
Length, inches 
(l/r ratio about 50) 36 
Ultimate load at failure, lb 18,000 
Ultimate strength, psi 30,000 
Modulus of elasticity, psi 3.7х10' 


Bursting test 
Maximum internal 
pressure, psi . 6,500 
Computed tensile stress, psi 75,000 


Flexural test 
Span, inches 36 
Center load, lb 1,340 
Modulus of rupture, psi 42,000 
Modulus of elasticity, psi 3.4x10° 


Francis Industries 
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Tub liner molded of glass-polyester for 
Apex automatic washer illustrates 
complexity of shape that can be 
achieved. This part was molded in one 
operation, using preforms. 


STRUCTURAL Uses. One of the earliest 
structural reinforced plastic aircraft 
parts was an aft section of a BT-15 
fuselage. Several were made of sand- 
wich construction with skins of glass 
cloth and a polyester resin. The first 
was made with a balsa wood core, 
while later designs used a honeycomb 
core of glass cloth and polyester 
resin. Made and attached without 
rivets, the outer skin was aerody- 
namically clean. The data on page 
107 were accumulated at Wright- 
Patterson Field in comparing this 
construction with aluminum and 
formed plywood. This test, carried to 
destruction, was made on the tail 
wheel, with a side load — a torsional 
type test with a 100 percent design 
load of 1440 pounds. One aft fuselage 
section of honeycomb core accumu- 
lated 300 hr of satisfactory flying 
time. 

Parts which rotate at high speeds 
and parts which are highly stressed 
due to loads carried while rotating 
can be designed in glass-polyester 
combinations. Typical parts of the 
first category are impellor blades and 
typical of the second group of ma- 
terials are rayon spinning buckets 
In both cases the relatively low (for 
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a structural material) specific gravi- 
ty allows the parts to rotate at high 
speeds at lower levels of stress. At 
the same time the high level of 
strength available in glass-polyester 
combinations provides a wider spread 
between stress from rotation and the 
ultimate stress. This greater margin 
may be used to achieve higher rota- 
tional speeds or in the case of the 
spinning larger loads, larger diame- 
ter buckets and/or higher angular 
velocities. 

Helicopter rotor blades and low 
horsepower propeller blades have 
been made experimentally, using 
glass fabric-polyester skins over 
balsa wood cores. To overcome ero- 
sion, thin metal surfaces have been 
added to the leading edges. Com- 
pared with laminated wood this con- 
struction is stronger and hence can 
be made thinner, with possibly in- 
creased efficiency 

Hot air ducts are made of a heat- 
resistant polyester resin and glass 


Structurlite Plastics Company 


ABOUT THE AUTHOR 


Richard J. Francis, consulting engineer and specialist in reinforced plastics, 
is a director of the Society of Plastics Engineers and a member of the policy 
committee of the Reinforced Plastics Division of the Society of the Plastics 
Industry, Mr. Francis has received two individual Naval Ordnance Develop- 
ment Awards for his work in developing fibrous glass reinforcements, and in 
developing molding methods for reinforced plastics. 


cloth reinforcement. Due to their 
complex shapes, hot air ducting can 
be made more economically in re- 
inforced plastics than in sheet metal, 
and generally there is a weight re- 
duction. 

Gear covers made of glass mat or 
preforms and polyesters weigh less 
than sheet metal and have damping 
characteristics which reduce noise 
level. Whether or not there are econ- 


South Bend Tool and Die Company 
Glass mat and preforms, molded with polyester resins, are used 
in refrigerator parts for dimensional stability, low thermal con- 
ductivity and molded-in color. Drip pan (left) and deep freeze 
breaker strip (right) are molded in matched metal dies. 


omies over metals, will be determined 
by the shape of the housing and the 
quantity needed. 


SANDWICH STRUCTURES. The term 
“sandwich” has through general us- 
age been accepted to describe a group 
of structures characterized by their 
light weight and extreme stiffness. 
Core materials of balsa wood, foamed 
rubber, and foamed plastics have 


س 


Molded Resin Fiber Company 


Funnel-shaped receiver for G. E. Disposall is molded 
in one operation of two preforms and two support- 
ing wire rings. The part is about 14 in. dia at the 
mouth, 534 in. at the bottom, and 10 in. high. 
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been used. Strong thin sheets of 
metal or reinforced plastic are the 
skins while synthetic resin adhesives 
securely bond the faces to the core 
From a functional standpoint struc- 
tural sandwiches can be compared 
with an I-beam. The lightweight core 
is a spacing and stabilizing member 
like the web of an I-beam or the 
struts of a girder. Individually, 
neither the core nor the skins will 
be stiff, but bonded securely to each 
other the combination exhibits ex- 
treme rigidity because displacement 
of the skins from the neutral axis 
increases the moment of inertia. 
Sandwich structures of low densi- 
ty cores are found most frequently 
in aircraft, where weight reduction 
is important. Typical uses are bulk- 
heads and flooring, and experimen- 
tally fuselage and wing panels have 
been investigated with promising re- 
sults. By far the most exacting use 
for sandwich structures is for ra- 
domes, protective housings for vhf 


North American Aviation, Inc. 
Typical glass mat-polyester uses in aircraft: Top, filler strip along the trailing 
edge of a metal structure. Below, parts for heating and ventilating contro! valve, 
where reinforced plostics perform more satisfactorily than metal. 


North American Aviation, Inc. Weight of Aft Section, Ib.. 
Structural aircraft parts, molded of glass-polyester, Load at Ultimate Failure, Ib 
include dorsal fins, wing-to-fuselage fillets, aileron 
caps, external bomb rack fairings, and wing tips. 
Such parts are lighter and less expensive than metal. 


Propuct ENGINEERING — FEBRUARY, 1951 





radio and radar antennas. Properties 
and design characteristics of such 
structures were described in the arti- 
cle “Honeycomb-Sandwich Struc- 
tures” by H. C. Engel and T. P. 
Pajak, Propuct ENGINEERING, August 
and October 1949. 


LIGHTING. Chopped strand glass mat 
and polyester resin are combined to 
produce the first truly structural, 
translucent material combining im- 
pact resistance and translucency. 
Translucent, corrugated reinforced 
plastics panels, in lengths up to 12 ft 
and widths up to 3!2 ft either in the 
natural finish or in a variety of colors, 
are now available. 

Compared with window glass, this 
material transmits less of the visible 
range of the spectrum but more of 
the ultra-violet. It is highly resistant 
to the elements and resists impact 
loads such as kicking, rocks and fall- 
ing hail. The material weighs about 
lo ]b per sq ft, and when broken 
leaves no sharp, jagged edges. It can 
be installed with nails, screws, and 
bolts, frequently without the custom- 
ary costly framing. This corrugated 
panelling is rigid in one direction and 
pliable at right angles. It can be 
sawed and drilled with conventional 
tools, to form a variety of functional 
parts. The high resin-to-glass ratio 
gives a high degree of light-trans- 
mission. Used in both interior and 
exterior installations, this material is 
marketed under the tradenames of 
“Corrulux” and “Alsynite.” 
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tt 


American Cyanamid Company 


More than 9 ft in diameter, this Westinghouse photometer illustrates practic- 
ability of large reinforced plastic structures. Made of glass mat in eight sec- 
tions, giant shell measures light output of 8-ft fluorescent lomps. 
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Analysis of 


QUADRIC-CHAIN 
MECHANISMS 


Method of calculating velocities and accelera- 
tions of several types of linkages. A special 
parameter is introduced and the use of coeffi- 
cients simplify calculations which give more 
accurate results than from graphical solutions. 


№.“ 


HARRY MILLER 


Sperry Gyroscope Company, Div. of Sperry Corporation 


QUADRIC-CHAIN MECHANISMS are used 
extensively in all types of machinery 
where rotary motion is to be converted 
to either oscillating or reciprocating 
motion. Fig. 1 illustrates the more 
common types of such mechanisms. 
These are basic devices which are often 
combined with other mechanisms to 
produce special motions. For example, 
to obtain the motion simulating that 
of an aircraft roll, a four-bar linkage 
was combined with an epicyclic gear 
train. This device is shown in Fig. 8 
where uniform rotation is converted 
to unidirectional, non-uniform rotating 
motion. This scheme was used to 
observe the performance of a gyro- 
scope under extreme conditions of 
accelerating forces. 


ANALYSIS OF A Four-Bar LINKAGE 


Illustrated in Fig. 2, is a general 
quadric mechanism where link La is 
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Fig. 2—Oscillating motion of L, is produced by the rota- 


tion of driving member L, in this four-bar linkage. 


rotating at a given velocity œ and 
acceleration aj. By means of a con- 
necting rod, L4 is она at an angular 
velocity w, and acceleration a, within 
the arc shown. All angular displace- 
ments, velocities, and accelerations are 
considered relative to the fixed member 
or Link Гл. 

Using a characteristic parameter b 
equal to ac facilities the computation 
of values of the angles for any instant. 
This method eliminates the need for 
a graphical analysis. 

Computation of the values of all 
angles at a given instant can be deter- 
mined from the geometry of Fig. 2 
as follows: 


Lt + Le? — № 


2L L, 


cos@ = - 


(1) 


oe + LP — V 
2L La 


cos e 


- (2) 


1951 


L, Sin Ө 
h 


L; Sin е 
h 


/, 


ýy = 
ф = 


ys — A (5) 
vte-—@ (6) 


For this linkage, the parameter 5 
is defined in terms of the length of the 
links Lg and Lg as follows: 


L,-hatsh+h (7) 

Thus, any desired number of values 
of b within this domain may be used 
and the angles calculated for specific 
values of №. Note that there are two 
possible values of angles g and @ for 
one value of 5. 

In deriving the equations of motion, 
the instantaneous center or centro, o 
of Ls will be used. 

Since the instantaneous velocity of 
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a and P is in proportion to the distance 
from o: 


F y 
2 х 
and from A oab: 
x ۷ 
Sin e Sin (180 — ф) 
Since the velocities V and v are related 
to Ls and Ly, 


} _ Sin (180 — Ф) ‚с Lion (8) 
г z Sin e Loon 





(Negative sign is due to the reverse 
rotation of w,). From this, 


L Sin e 


Р = 1 
L, Sin ¢ = РР 


Ід Sin є 


where, 4; = — Lias 





Taking the time derivative of Eq 
(9) and making certain substitutions 
gives angular acceleration of link L4: 


Coefficients A, Az, Ap, and A4 


d w 


dt 


оң = = Aa + A: w? (10) 
The value of the coefficients A, and A, 
can be found in Table I. 

The motion relationship of link Ls, 
is also determined from Fig. 2: 


ly Sin Ф 


y > 5 
РА Мп (ф — е) 





Ia Sin (¢ — e) 
وس‎ = L Sin оз = Ayr (11 
80 120 160 200 240 280 520 360 ' ха Ф 
^ lar | + of Drivi Link L5. d o WT à è 
кон OE sahi Differentiating this equation and mak- 


ing the necessary substitutions: 


i 
| 
| 
| 


Fig. 3—Motion of driven link L, can be determined more accurately by using equations án 
and the coefficients shown in Table I. This graph illustrates the specific variation in ака = Аз оа + Asan? (12) 
each of the coefficients for the particular linkage shown above. 


for which the coefficients are given in 
Table I. 

To better illustrate this method of 
computation, coefficients in Table I 
are calculated and graphically plotted 
in Fig. 3 for the linkage shown. 


DYNAMICS OF LINK Lg 

With L a slender, uniform bar, it 
may be assumed that the center of 
gravity is located midway between the 
pivot point a and 5. The distance r be- 
tween the center of gravity and the 
centro can be determined from 
Fig. 4 (A); 


L, Sin $ 

2 Sin y 
Sin ¢ 

2 sine 

Sin [¢ — e] 
To simplify this analysis, an equiva- 
lent system is used and shown in Fig. 
4 (B). It consists of a weightless rod 
2R, long, supporting two unequal 
masses m, and ma which rotate about 
Fig. 4—Dynamic force acting on connecting link depend upon its motion. (A) Instan- the centro. With & as the radius of 
taneous position of connecting link. (B) Equivalent mass system used in analysis. gyration of L (about its center of 


and tan и = 


+ соѕ ф 
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gravity) and R the radius of gyration 
of L, about the centro, then: 


12 


k? = 


and R: = k? = r? 


Thus, R = Li? 

12 
The dynamic unbalance of Lg is equal 
to the difference between F, and Fs; 
where F, and F, are' the centrifugal 
forces acting on m, and mz respectively. 
Therefore, 


TF (14) 


VS 
R; 
With W, as the weight of link La, the 


mass is: 


F,-—F,= (ms — m) (15) 


W, 


M; = 386 


= m + m 
where m, > m 
Taking moments about the centro, o: 
Mı gr = (m — m) g R 
a (16) 
Substitution in Eq (15) gives, 
ғ Аз? 


386 


mı) = 


Wi an? = As Wi on? 
(17) 
The variation in this force coefficient 


„бее Fig 3) 


У 40 80 120 100 200 240 280 320 30 
Angular Displocernent of Driving Link 
L3. n degrees 
Fig. 5— Force on connecting link is calcu- 
lated using coefficient As which is given in 
Table I and plotted for linkage of Fig. 3. 


(A5) is plotted in Fig. 5 and is based 
on the previous example for different 
angles of driving Link Ly. 


ANALYZING THE SLIDER CRANK 

This mechanism shown in Fig. 6 is 
a special case of the quadric linkage 
in which the following conditions 
exist: 


0 =0; Liand4= œ 


Sin y = Sin e (18) 


$-yyte— (19) 


т 
2 
The limitation of 5 is identical to that 
of Eq (7). The angle ¢ can be deter- 
ai from Eq (2). 

With v as the linear velocity of the 
sliding block, 

x7 Sin e 


om - = 20 
i y la in Sin $ wu) 


Table I—Coefficients of Quadric Chain Shown in Fig. 2 


_ Ll Sine 
L, Sin ¢ 


ГА {с i d Е L, Sin 6 
К COS ) — < 
сеет L, Sin $ 


L, Sin* $4 


la § Cos (Ф — 1+7 Sin ‘| = [‹ 
14 { Sin @ L, Sin @ 


The linear acceleration of this block 
becomes, 


Sin e 
ar + la wa X 


a 


° Sin ¢ 


Cos e d Sin «cos 6. dé 
dt _ dt 
Sin @ Sin? 


(21) 


From Eq (18), 
de A wa Cos ¥ 


a La (Cos e — Lals Sin? e 
А? 
and from Eq (19) 
do de 


= on t 


(23 
dt dt ) 


With the substitution of Eqs (22) and 
(23) into Eq (21), it is possible to 
express the linear acceleration of the 
sliding block in terms of the geometry 
of the chain. 

The motion of the connecting link, 
1 сап be determined from Eqs (11) 


ao \ 
\ 


so ine Ye 
к we 
! KAAN e-o & 
| A. 5 

-À 


E 


A 


oe x 
———— 9 


Fig. 6—Slider-crank mechanism is a spe- 
cial case of the quadric linkage. 
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4 L4 Sin € Lı ка ө! 
5 + "OS € S Р 
L, Sin é ат" \ 


‘os @ Ѕіп (ф 
Sin? @ 


2 Lı Sin @ La Sin « 
Ls Sin @ Ly Sin @ 


m 


and (12) and the dynamic unbalance 
from Eq (17) of the previous exam 


ples. 


Quick RETURN MECHANISM 

This linkage shown in Fig. 7 (A) 
is a variation of the slider-crank where 
the following conditions hold: 


$20; Landl = œ 
L-kshsh+h 


L? + Ia? № 


Cos v 21, L 


Sin yy а Sin ұ 


eo = y+ 


From the geometry, the velocity of 
connecting link A is, 


° Cos e Sin yı 
h Sin y 


wa = оз = Су о (25) 


à Cos « Sin 
where C, n V n 
Differentiating this equation and mak- 
ing certain substitutions, 


dwa 


dt 


where values of the coefficients C, and 
С», are listed in Table II and plotted 
in Fig. 7 (B) for a specific case. In 
this way, the velocity and acceleration 
of the connecting link A can be found 

In this particular case, choice of the 
linkage is facilitated by considein~ 
the stroke ratio, SR which is defin d 
by: 


; ume of o ing stroke t 
SR = me f operating rs idi 
time of return stroke һ 


aa = = Cia + Са «д? (26) 


With uniform rotation of the driv- 
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Coefficients C;, C2 
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Stroke ratio: 


Operating stroke time 
Return stroke time 


(Return stroke 
FOX _ Operating 


مط ي 
ооо‏ 
of Link A in deg‏ 


o 














* Angular Displacerne 


Fig. 7—Quick return mechanism is another variation of the quadric-chain linkage. With the specific proportions of a particular 
mechanism (A). Displacement of Link A and variations in coefficients are plotted in (B). Stroke ratio fixes the link proportions (C). 


Table II—Coefficients for Quick-Return Mechanism of Fig. 7 


. Cos e Sin ұл 
С, э 
Sin у 


Cos? e cos ұл Sin ¥ (= yı Sin € 


Sin? y Sin y 


X 


/ Cos « Sin yı Cos e Sin y, Cos V 
vi at v 
7 


Sin ¥ Sin? ¥ 


Ci afc cot ya T tane C – 1) — Со 1 


ing link, Lo, Eq (27) can be expressed 
in terms of the angles, 


SR = (27A) 


12 Y: 


where ^w "Tw 2r 


From the geometry of Fig. 7 (C), the 
linkage proportions are given by the 
relationship: 

L T 


L - Cos [ SR «1 I (27B) 


AN ACCELERATING TRANSMISSION 

A mechanism designed to produce 
non-uniform uni-directional rotation 
from uniform rotary motion is illus- 
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trated in Fig. 8. It consists of a com- 
bination of a quadric chain (Fig. 2) 
and an epicyclic gear train. The kine- 
matic performance of this mechanism 
is such that: 


(1) For each revolution of the input shaft 
E, output shaft C rotates one revolution. 


a specified point in the cycle of 
shaft C remains stationary regard- 


speed of shaft E. 


(2) At 
haft Z 


Fd 


Since the driving link La is attached 
to Shaft E and driven link L, is con- 
nected to shaft B 


y 
5 and, 


шк = 


40 


2в = dt 


Z0; we = = оцу ав = оц 
The theory of epicyclic gear trains 


gives the following relationship 


B+ ( АЛ... 1) x 
4 Xa Xs 


1- ZE 


1 


— - 2 
4С = X3 X3 
x 28) 
where / denotes an angular a. 
ment of a p shaft (in radians) 
and x and y are the gear diameters 
shown in Fig. 8. 

From condition (1): 

ГЕ = 2r and ZC = 2r 

Since L, (and shaft B) makes one 
oscillation during one revolution of 
E, the rotation of shaft B is zero in this 
interval, or, 


¿B= Z6=0 


Substituting these conditions in Eq 
(28) yields, 

yı E ye ys 

xi Xa Xs 


-1 (29) 

This equation gives the relationship 
between the gear diameters which must 
hold in order that the output shaft C 
make one complete revolution for 
every revolution of input shaft E. Sub- 
stituting Eq (29) in Eq (28) gives, 


aa. А, ; 
ZC ( A +1) ZF + ZE (30) 
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Differentiating this equation and mak- 
ing the necessary substitutions, 


ыы 4/С 
чс dt 


pr) glo 

A relatively simple expression can 
be used to describe the behavior of this 
mechanism if the instant at which link 
L, is parallel to L, is chosen as the 
time when the output shaft C remains 
stationary. To meet these require- 
ments, the following conditions can be 
specified. 

When, 


we =0 then, е= ф 


Substituting these conditions in Eq 
(31) gives, 


(32) 


This equation states the relationship 
between the gears and links which 
must hold in order that the output 
shaft C remains stationary regardless 
of the output speed. 

Substituting Eq (30) in (31) yields, 


we = Р, ов 

Sin e 
Sin $ 
Differentiating Eq (33), 


where, Dı= 1 — 


ac = Dag + D: wg? 34) 


where the coefficients are given in 
Table III. To better illustrate the use 
of this method the values for a specific 
example are plotted in Fig. 9. 

From this discussion it should be 
evident that the analysis a quadric link 
age by means of the parameter | makes 
possible computations of all velocities 
and accelerations of the various links 
to any desired degree of accuracy. In 
this way the parametric method is be- 
lieved superior to graphical methods 


¥ 
E 
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Å 


j? 
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a 
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10 
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© 
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Fig. 9—The variation in the displacement of the output shaft C as a function of the 
input shaft rotation is graphically illustrated by the dotted line for the accelerating 
mechanism shown in Fig. 8. The coefficients of Table III are also plotted for this 
mechanism with linkages having the specific dimensions which are given above. 


Table III—Coefficients for Accelerating Mechanism of Fig. 8 


ZC 
ZE 


1 } (sin m " (1 Ы L, Sin 6 ‚ L, Sin 3 7 dön fid T 
4 


Sin? ¢ | L: Sino LSiné 


Fig. 8—Quadric-chain mechanism is combined 


with an epicyclic gear train for special motion. 
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Arwood Precision Casting Corporation 


Instrument and machinery parts made of beryllium copper by the investment casting process, illustrating the great intricacy of shapes 
obtainable. All of these parts are shown here in the as-cast condition. Only simple machining operations are required to finish them. 


An evaluation of investment cast parts that are designed to take 


advantage of the unique properties of beryllium copper. Design 


limitations and advantages inherent in the casting method and 


physical and mechanical properties of the alloys are discussed. 


JOHN T. RICHARDS 


Design Engineer 
The Beryllium Corporation 


Hot-FORMING SMALL PRECISION 
PARTS by the investment casting proc- 
ess possesses many inherent economies. 
Important savings in cost can be 
achieved when parts can be designed 
to take advantage of the techniques 
of the process, but to prevent misap- 
plications the limitations of the proc- 
ess must be recognized 

The competitive advantages of in- 
vestment methods decrease as overall 
dimensions of the part increase. In 
general, and there are exceptions, in- 
vestment casting proves most есо- 
nomical in the production of small 
complex units. Sand casting provides 
equivalent accuracy at lower cost for 
large parts. Among founding meth- 
ods, investment casting is considered 
to be a precision process However, 
the degree of dimensional accuracy 
obtainable cannot compare with that 
attainable with precision machining 
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Investment castings cannot com- 
pete pricewise with screw-machine or 
sand-cast parts that require only a 
few finishing operations. Relatively 
simple or symmetrical shapes can be 
produced faster and cheaper by auto- 
matic machining methods. For short 
runs when screw-machine work re- 
quires special setup or equipment, 
however, investment casting may offer 
a lower cost. 

The maximum size of part that can 
be cast is usually determined by exist- 
ing foundry facilities or economic 
considerations. Parts rarely exceed 
10 Ib in weight or 7 in. in the longest 
dimension. The minimum size of in- 
vestment castings, as yet, has not been 
determined. 

It must not be assumed from these 
limitations that the investment method 
is restricted only to the production of 
small complex parts. Many parts that 
could not otherwise be readily pro- 
duced are made by this process 

The degree of design freedom of- 
fered by the process is of particular 


Beryllium Copper Parts 


significance to product engineers. By 
taking advantage of wax welding in 
the pattern stage, both design and 
production frequently can be simpli- 
fied by combining several simple parts 
or sub-assemblies that can be invest- 
ment cast as a single compact unit. 

Low cost tooling is another advan- 
tage in investment casting. Only 
small dies are required to mold the 
hot wax when making the pattern. 
Soft metal dies, formed from white 
metal alloys, are economical for 
simple shapes and short runs of sev- 
eral thousand pieces. With such dies 
samples can be prepared quickly. For 
longer runs, or where intricate detail 
is necessary, more expensive steel dies 
may be required. 

Good reproduction of detail in "as 
cast" parts substantially reduces, or 
may even make unnecessary, expensive 
machining. In all but the most criti- 
cal applications, finishing can be lim- 
ited to the removal of gates or sprues. 
"As cast" dimensions, (see PRODUCT 
ENGINEERING, June 1949, pp 92, 
93), often do not require machining 
to meet tolerances. 


Beryllium Copper 
Assuming, for a given application, 
that investment casting offers the low- 
est overall cost consistent with good 


performance—Why use beryllium 
copper? The wide use of this alloy 
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Arwood Precision Casting Corporation 


Beryllium copper was specified for these automatic typewriter 
parts solely on the basis of its excellent casting characteristics 


Arwood Precismon Casting Corporatton 


Investment cast parts of beryllium copper with slots, cored holes 
and contours as cast, illustrating the savings in machining costs. 


Designed for Investment Casting 


is based upon: (1) Casting proper- 
ties, and (2) Final properties. 

Where final properties are of sec- 
ondary importance, beryllium copper 
is frequently selected because of its 
favorable casting qualities. Excellent 
castability, as measured by good 
fluidity in the molten state, makes 
this alloy especially adaptable for in- 
vestment casting. This property makes 
possible the sharp definition of intri- 
cate detail. The relatively low pour- 
ing temperature of beryllium copper 
permits the use of inexpensive melt- 
ing and handling equipment. 

Good castability also offers design 


advantages. Beryllium copper parts 
can be produced with walls as thin 
as 0.050 in. Holes as small as 0.020 
in. dia can be produced in light sec- 
tions. In addition, blind holes, rela- 
tively large flat areas, narrow slots, 
knife edges and long thin cores are 
readily obtained in beryllium copper 
The inherent fluidity of this alloy 
makes possible smooth surfaces, close 
dimensional control and sharp detail 
Because of these advantages, the high 
initial cost of beryllium copper is fre- 
quently more than offset in the cost 
of the finished parts 

From a design standpoint, the high 


Table I—Properties of Investment Casting 


l'ensile 
Condition 
psi 


Heat-treated 
Heat-tre ated 
As-cast 
As-cast 
As-cast 


Beryllium copper 

Aluminum bronze 

Manganese bronze 
Tin bronze 

Silicon bronze 


Red brass 

S Monel 

Medium carbon steel 
Stainless steel—304 
Stainless steel—410 


40,000 
125,000 
95,000 
85,000 
120,000 


As-cast 
Heat-treated 
Tempered 
Quenched 
Tempered 
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Strength, 


175,000 
90.000 
80,000 
15.000 
55.000 


Yield 
Strength | Elonga- 
(0.2% tion 
offset), | in 2 in., 
psi percent 


Compres 
Sive 
Strength 
0.001 in 


set 


Rockwell 


» pst 


150,000 
50,000 
40,000 
25,000 
30,000 


175,000 
40,000 
24,000 
27,000 


25.000 
105,000 
65,000 
40,000 
100,000 


11,000 
110,000 
40,000 
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Hardness 


strength and hardness of beryllium 
copper coupled with excellent resist- 
ance to wear, corrosion and fatigue 
insures long life, freedom from serv- 
ice failure and low maintenance costs 

In addition, beryllium copper is 
non-magnetic and provides good elec. 
trical and thermal conductivity. 

In Table I are given some physical 
properties of several investment cast- 
ing alloys. Beryllium copper com- 
pares favorably with medium carbon 
and stainless steels in strength and 
hardness and has higher properties 
than the non-ferrous metals 

Beryllium copper has good corro 


Alloys 


Electrical 
Conduc Thermal 
tivity, Conduc- 
Percent tivity, 


ACS CGS 


Melting 
Point or 


Brinell Range, F 


3000 Kg I 


1750 
1950 
1740 
1500 


1875 


1510-1540 
2300 2350 
2700-2760 
2550-2650 


2700-2790 
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Specific Gravity 
Density, lb per cu in. 


Maximum Jncrease in Density on Heat- Treatment, pei rcent 
Maximum Decrease in Length on Heat-Treatment, percent 


Specific Heat, cal per gram per des С. 
Magnetic Susce ptibility : 
Melting Range, : 
Modulus in Tension, psi. 
Modulus in Torsion or Shear, psi. 
Average Coefficient of Linear Expansion, 
per deg F 
per deg C 
Thermal Conductivity 
BTU/sq ft/in./hr/deg F 
cal/sq cm/cm/sec/deg C 
Electrical Resistivity, microhm cm.... 
Shrinkage, in. per ft 


Table II—Typical Physical Properties of Heat-Treated Beryllium Copper 


8.09 

0.292 

0.6 

0.2 

0.10 

Negative 

1585-1750 
19,000,000 
7,300,000 


0.0000095 
0.0000171 


800-900 
0.27-0.31 
7.9 
3/16 


Table I1I—Typical Mechanical Properties of Berylco 20C 


As Cast 


Heat-Treated 





Solution 
Annealed 
and 
Heat-Treated 


Cast and 
Solution 
| Annealed 


Cast and 


| 


Tensile Strength*, psi. ... 

Yield Strength* (02% off- 
set), psi. : 

Elongation in 2 in., percent 


60,000-65,000 
20-25 


Rockwell Hardness Num- 

ber B83-90 
Brinell Hardness Number. 160-185 
Electrical Conductivity, 

%IACS 


80,000-85,000 | 115,000-125,000 
90,000-100,000 


55,000-70,000 | 170,000-185,000 
40,000-55,000 | 140,000-160,000 
30-40 1-3 


B55-70 
100-125 


C37-44 
342-415 


20-25 


* Values apply for senilis sib cast parts, for gravity cast parts reduce by 10 percent. 


Table IV—Treatments for Coloring Beryllium Copper 


Steel Black 


. Hot alkaline cleaner 


Reddish Bronze, 
Bh T -BI ack 


Brown, 


. Pickle 


. Cold water rinse 

. Cyanide dip 
Cold water rinse 
. Immerse in water solution of 
potassium sulphide for 5-10 
sec at 100 F 
Cold water rinse 

7. Hot water rinse 

8. Dry by air blast 

9. Lacquer 


sion resistance to 


rural or 


marinc 


. Cold water rinse 


Bright dip 


. Cold water rinse 


Immerse in solution at 
180 F until uniform color 
is obtained; 
4 oz 
white arsenic 
8 oz hydrochloric acid 
(sp gr 1.16) 
1 gal water 
Scratch brush while wet 
Cold water rinse 
Hot water rinse 


. Dry by air blast 
. Lacquer 


Poor 


arsenious oxide 


resistance is olf 


. Cold water rinse 
3. Bright dip 


Cold water rinse 
Immerse in solution at 
170 F until desired tone 
IS reached; 
oz potassium 
phide 
phur 
3 oz caustic soda 
1 gal water 
Cold water rınse 


sul- 
liver of sul- 


. Hot water rinse 
. Dry by 
. Scratch brush 
. Lacquer 


air blast 


ered to certain 


atmosphere, fresh or salt water, steam 
and many industrial gases and fumes. 
Although this alloy will in time staia 
and darken like copper when exposed 
to warm, humid or sulphur-bearing 
atmospheres, the tarnish does not af- 
fect mechanical properties. Behavior 
in acid or alkaline solutions depends 
upon such variables as temperature, 
aeration, agitation and concentration 
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compounds of sulphur, mercury and 
ammonia. Hydrogen embrittlement, 
season cracking and dezincification ap- 
parently do not occur in beryllium 
copper, while retention of endurance 
in salt spray testing indicates excellent 
resistance to corrosion-fatigue. 
Beryllium copper is relatively stable 
at moderately elevated temperatures. 
Loss of hardness with increasing tem- 


Propuct 


perature of several copper alloys is 
shown in the accompanying curve. For 
beryllium copper the graph indicates 
that service temperatures should be 
limited to about 600 F. With decreas- 
ing temperatures, at least to —370 F, 
the increased values of ductility, im- 
pact, tensile and yield strengths over 
those at room temperature suggest good 
service with no embrittlement in sub- 
zero atmospheres. 

Although several special purpose 
materials are available, the most 
widely used beryllium copper alloy 
in investment casting has the follow- 
ing nominal composition: 


Beryllium . 
Cobalt 
C opper 


.2.0 percent 
0.5 percent 
Balance 


Typical physical properties of this 
alloy in the fully heat-treated condi- 
tion are given in Table II. Average 
mechanical and electrical properties 
are given in Table III. In general, 
centrifugally-cast parts show tensile 
and yield strength values approxi- 
mately 10 percent higher than those 
obtained by gravity investment or 
sand casting. 

The wide range of properties com- 
bined with excellent casting char- 
acteristics available in beryllium cop- 
per investment castings are increasing 
their use in electrical, mechanical, 
aviation, communication, ordnance, 
sporting goods, business machine, 
electronic, instrument, plastic mold, 
jewelry and novelty applications. 
Typical parts include cams, ratchets, 
gears, turbine blading, waveguide 
plumbing, numbering wheels, surg- 
ical instruments, bearings, and nu- 
merous others. 

The observance of a few design 
rules will promote the economical 
production of beryllium copper in- 
vestment castings. 

1. Tolerances can be held to 0.002 
in. per in. when necessary, and on 
small dimensions to 0.001 in. per in. 
Although known as a precision proc- 
ess, tolerances on investment cast 
parts should be as liberal as possible 
to ke жар costs down. 

. Wall thicknesses. Minimum 
over large sections, 0.050 in., with 
0.030 in. possible for small areas 
with taper. Although thicknesses up 
to 4 in. can be cast, ribs are pre- 
ferred for added strength. 

Fillets of at least 44 in. radius 
(larger preferred) should be used 
wherever possible. 

4. Surface finish can be easily held 
to 70-80 microihches. Ribs or crowns 
are recommended for large flat areas. 

5. Draft averages 1 to 4 deg, but 
is not always necessary. 


6. Holes. Minimum, 0.020 in. dia. 
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Although through holes are preferred, 
blind holes are possible. 

7. Slots can be cast to width tol- 
erances of 0.001 in. per in 

8. Threads are generally chased 
after casting. 

9. Shrinkage averages îy in. per ft. 

These design rules are ded eb 
as a guide, since for best results, the 
engineer should work in close con- 
tact with the foundry. 


CasTING Practice. The following 
steps precede the pouring -—— 
(1) Wax patterns are formed in steel 
or soft metal dies, (2) wax gates are 
attached and patterns are assembled 
in a cluster, (3) the assembly is then 
invested in plaster and the investment 
permitted to harden, and finally (4) 
heat is used to remove the wax pat- 
tern and the cavity is ready to be 
poured. 

Either induction-heated or gas- 
fired crucibles can be used for pre- 
paring the melt. Beryllium copper is 
generally available in 3 oz, 2-3 and 
5 lb pigs. The 3 oz pigs are especially 
convenient, since they facilitate han- 
dling in small batch melting. The 
charge should be melted as rapidly as 
possible to minimize loss of beryllium 
and gas absorption. Fluxes or slag 
covers are generally not necessary. 

A pouring temperature should be 
selected that will permit good feed- 
ing to insure sound castings. Past 
experience indicates that temperatures 
in the range 1900 to 2050 F give 
good results. Increased fluidity for 
light sections can be obtained with 
temperatures in the upper end of this 
range. Whenever possible, centrifugal 
casting should be used, since this 
method excludes dross and gas, and 
produces sounder and denser castings 
than gravity pouring methods 


HEAT-TREATMENT. The favorable 
properties of beryllium copper are ob- 
tained by age-hardening. Through 


^ 1 wt ш 
Loss of hardness of beryllium copper and 
other metals resulting from 15 hr ex- 
posure to different elevated temperatures. 


the proper selection of heat-treating 
times and temperatures, different com- 
binations of strength, ductility, im- 
pact resistance, and electrical and 
thermal conductivity can be produced 
to meet specific requirements. 

For applications where maximum 
strength is not required, the "cast 
and heat-treated" condition offers time 
and cost saving opportunities through 
fewer operations. In this treatment, 
cast parts are furnace hardened for 
4 hr at 600 F, then cooled at any 
convenient rate to room temperature. 

Although higher final properties 
are attained in "solution-annealed and 
heat-treated" parts, this process en- 
tails several additional steps. Cast- 
ings are first annealed for 3 hr at 
1450 F in any type furnace permit 
ting adequate temperature control. 
Parts are then water quenched imme- 
diately upon removal from the fur- 
nace, and finally hardened by heat- 
treating for 3 hr at 600 F, followed 
by uncontrolled cooling. 

Salt baths should not be used for 
annealing; however, good results can 
be obtained through salt bath harden- 
ing when reasonable care is exercised 
during the following cleaning proce- 
dure: (1) Quench in cold water after 
removal from bath, (2) wash in hot 
cleaning solution, (3) rinse in hot 
water, and (4) dry; 

For applications in which increased 
conductivity and ductility are of 
greater importance than maximum 
strength and hardness, an overaging 
heat-treatment of 3 hr at 700 F may 
be used. This treatment also gives 
added impact strength or resistance 
to shock. 


MACHINING. To meet certain accuracy 
or economy requirements, it is usually 
advisable to ream, tap or finish grind 
by machine, rather than depend upon 
tolerance or threads as cast. Although 
parts can be readily ground in any 
condition, reaming and tapping op- 


erations should precede hardening. 

Right-hand spiral-fluted reamers of 
high-speed steel having narrow mar- 
gins, adequate back taper, and sharp, 
well-polished flutes, give best results 
through smoother action and better 
chip disposal. Speeds are generally 
low, while soluble oils assist in heat 
removal. 

Standard taps and dies will meet 
most requirements. High speed steel 
two fluted plug taps are recommended 


SuRFACE CLEANING AND COLORING. 
Investment cast parts are generally 
sand blasted to remove tenacious E 
ticles of investment and to give a clean 
and uniform surface. 

In applications requiring a bright 
finish for appearance or where sub- 
sequent welding, soldering or plating 
requires a clean surface, the oxide 
film can be removed by pickling as 
follows: 

(1) Immerse in 20 percent sul- 
phuric acid solution heated to 150 F 
for 15 to 30 min or until dark scale 
disappears. 

(2) Rinse 
water. 

(3) Bright dip in 25 percent cold 
nitric acid solution for 15 to 30 
seconds. 

(4) Rinse thoroughly in hot water 
and dry. 


thoroughly in cold 


To meet certain service require- 
ments, it may occasionally be neces- 
sary to color castings. Suggested 
colering treatments for beryllium cop- 
per are given in Table IV. In addi 
tion, proprietary processes are avail- 
able. In all treatments, parts should 
be thoroughly cleaned prior to 
coloring. 
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this article. 
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Arwood Precision Casting Corporation 


Waveguide plumbing used in electronics apparatus. Investment cast with beryllium 
copper, the part incorporates rectangular internal passages, ribs, slots, bosses, extensive 
flat areas and cored holes, all to close tolerances with no machining except tapping. 
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Fig. 1—Measuring the bolt 
elongation by means of a mi- 
crometer gives an accurate esti- 
mate of the induced tensile 
stresses caused by tightening. 







Effective 
Effective bearing 
radus of threads 


^f, coefficient of 
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o, orea of bolf ~~ _ _ 


S, bolt tensile stress _ _ 
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where K *V1* /an* X + fan 


Fig. 2—Most common method of set- 
ting tension in bolts is by the use of 
a torque wrench. The determination 
of the actual stress induced is not as 
simple as theoretical equation above. 


The Tensile Forces in 


Tightened Bolts 
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National Bureau of Standards 


IN DESIGNING A BOLTED CONNECTION, 
the required tension can usually be cal 
culated. However, to know whether 
this tension is actually induced in the 
bolt during assembly is an entirely 
different and much more difficult prob- 
lem. In applications where the overall 
length of the bolt can be measured 
with a micrometer, the tension can be 
determined with a good degree of 
accuracy. In many other assemblies, 
the most convenient way is to measure 
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the torque applied to the nut; from 
this torque value, an attempt is made to 
determine the tension in the bolt. 
Unfortunately, this problem of deter 
mining what tension is induced in a 
bolt by the tightening torque is not too 
simple. Most of the applied torque is 
absorbed by friction and only a small 
amount, possibly less than 10 percent, 
accounts for the tension produced 
Frictional resistance on the bearing 
surface of the fastener accounts for 
about 50 percent of the applied effort ; 
similarly, the friction on the screw 
threads absorb some 40 percent. The 
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balance of the applied torque results 
in tension through the screw-jack 
effect. In Table I is shown the wide 
variation in tension produced by a 
given tightening torque as a result of 
different lubricants’. 

Experiments and experience during 
the past few years point to the definite 
conclusion that there is no one pro- 
portionality factor between torque and 
tension for steel bolts that will apply 
in all cases. This is due to the many 
variables which are present. However, 
where these variables are restricted, 
torque limits have been established for 
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controlling the tightening of bolts. 
In such instances, a given torque will 
not always produce a definite stress 
in the bolt, but will probably induce 
a stress that lies within a given range 
that is satisfactory. 

An extensive investigation was made 
by Lenzen at Northwestern University 
on the torque-tension relationship of 
commercial bolts*. Samples of bolts 
and nuts all of the same general type, 
were taken at random from stocks: of 
10 different manufacturers. They rep- 
resented the variations between pro- 
ducers having somewhat different 
manufacturing practices as well as 
variations from sample to sample with- 
in a given manufacturer's product. The 
test results, given in Table II, repre- 
sent approximately the range of condi- 
tions encountered in an assembly 
plant being supplied bolts and nuts 
from several commercial sources. 

From this data, a torque coefficient, 
C was determined and used in the 
equation: 

T-CXdxF 

where, T is the torque (Ib-in.), 4 is 
the bolt dia (in.) and F is the clamp- 
ing force (Ib.). For applications up 
to 80 percent of the yield strength, a 
value of C — 0.2 can be used for any 
size of bolt and is based on a coefficient 
of friction of 0.15. Using this equa- 
tion and tightening bolts with the 
usual torque wrench, the clamping 
force may vary from the average stress 
by as much as 30 percent but the 
average deviation will be of the order 
of 6 to 7 percent. 


Theoretical Considerations 


To better understand the relation 
between the torque and tension of 
bolts, the following equation derived 
by Persy** should be considered. 
This formula includes the frictional 
effect of the nut on the washer and is 

1 
2v Nr 
(where N is the number of threads 


per inch) and considering the follow- 
ing approximations: 


Tan? ^ = 0; sin ^ = 


given in Fig. 2. Since, tan à = 


tan A; and cos A = 1 
This equation reduces to 
1 


2r Nr 
1 f seca 

2x Nr 
The right side of this equation is sup- 
posedly made up of constant terms 
for a given material, surface finish, 
type of thread, size, pitch and lubrica- 
tion. Thus the equation indicates that 
the tensile force on the bolt (aS) is 
proportional to the torque T. Most 
of the experimental data accumulated 
indicates, in general, such a linear 


T , f seca T 
avy + (1) 


Table I—Surface Condition of Threads Affect Bolt Tensile Stresses 








| After 6 to 8 tightenings | 


Table 1l—Deviation in Tensile Stresses of Commercial Bolts 


Mid-Point Torque! 


Number — 

Bolt of 
Size Samples 
Tested 


Average 
Tensile 
Stress? 

psi Max 


l'orque, 


lb ft 


Í 
I 


22,642 21 
22,820 
19,600 
18,176 
31,400 
29,270 
23,062 
24,420 
19,525 
18,230 
21,893 
20,355 
23.860 
18 75 32,100 
10 100 27,800 
80 19,100 
9 140 21,411 
14 10 140 21,255 
8 10 180 17,478 
14 10 200 21,214 
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Deviation of stress 
from the average, 
in percent 


High Point Torque? 
Deviation of stress 
Average from the average, 
Torque, Tensile in percent 
lb ft Stress? 
Min psi 


Max Min 
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29 

20.7 
34 
29 
17 
22 
23 
16 
30 
16 
14 
20 
36 
15 
16 
24 
32 
18 
13.1 
11.8 


4,70| 11.2 M 
42,405 | 19 17 
42,825 | 28 32 
41,010 14 20 
51,760 | 21 24 
47,500 | 15 25 
47 ,613 14 10 
47 ,890 24 22 
45,300 19 30 
45,000 | 21 21 
48,360 ll 10 
80 42,968 22 
110 52,400) 153 
150 61,500} 23 
180 50,800 12 
160 40,300 20 
260 42,643 29.7 
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Bolts of low carbon steel, stress relieved (Y.P. 60,000 psi) Rolled Threaded bolts were used 
with American Standard Regular Nuts, washer-face type. 

No lubrication applied, other than residual coating from manufacture. 

Notes: (!) Mid-point Torque was chosen to be about half of the High-point torque value. 
(2) High-point Torque values were determined by tensile bolt stresses just below 


the yield point of the material. 


(3) Average stress based on mean area of root and pitch diameter. 


relationship. However, work at the 
National Bureau of Standards gives 
results that approximate but definitely 
deviate from strict linearity between 
torque and tensile load. 

This deviation can be accounted for 
by the action of several factors. First 
of all, the effective radius of the nut 
on the washer, R depends on whether 
the nut bears on a plane, a concave, 
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or a convex surface, and if on a plane 
surface, whether the contact is uniform 
all around. On a plane surface and 
with assumed ا‎ pressure all 
around, R is generally taken as the 
average of the outside and the inside 
radius of the washer face of the nut 
If the nut has no washer face, the value 
of R is even more indeterminate. 
The effective bearing radius of the 
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Table IlI—Average Torque Required to Produce 
Specific Bolt Tensile Stresses 


Average Torque in Bolts, lb. in. 


lensile Stress 10,000 psi 


Nominal 
Bolt Diameter NC 
1 34 » 
3 129 

285 
5 870 
l 1810 


114 5730 


Overall Average 


(in percent 100 


15,000 psi 20,000 psi 


NC VC 


NF 
66 
208 
478 
1650 
3350 
10680 


48 62 
175 
403 
1280 
2680 
8300 


224 
520 
1700 
3520 
10870 


186 


Note: Low carbon steel bolts, (Y.P. 32000-43300 psi and T.S. 48300-64900 psi) with die cut 
threads, made by one manufacturer, three specimens of each size were used: Each bolt, 
nut and washer was thoroughly cleaned in carbon tetrachloride and then flushed with 


light mineral oil. 


threads, r is generally taken as equal 
to the basic pitch radius. It may vary 
if the threading surfaces do not match 
uniformly. Stewart® estimates that such 
mismating may introduce an error of 
as much as plus or minus 15 percent 
for a }-inch coarse thread bolt, and 
somewhat less for larger bolts and 
finer threads 

For National threads, the thread 
angle a is 30 deg and is valid in the 
elastic stress range. Under high loads, 
which deform the threads, this value 
will increase. The formula is valid 
only for load values that are propor 
tional to torque values 

The values of the coefficient of fric- 
tion (f and f’) 
variations 


factors 


are subject to large 
For a given material, these 
with the smoothness of 
the faying surfaces, and with the lub 
rication. Threaded surfaces are differ 
ent depending upon manufacture 
whether die-cut, lathe-cut, milled, 
ground or rolled. Plating on the 


vary 


threads also has an effect on the value 
of f. The friction between nut and 
washer, expressed by f’, varies with 
the smoothness of the surfaces, the 
lubrication, the shape and the finish 
of the load bearing surface of the nut. 

Tests conducted at the National 
Bureau of Standards indicate that the 
ratio of torque to tensile stress de- 
creases as the stress increases. This is 
shown in Table III where the average 
torque at 15,000 psi. is 143 percent 
of the average torque at 10,000 psi, 
instead of 150 percent as would be 
expected from the exact proportion- 
ality between torque and tensile stress 
At 20,000 psi tensile stress, the aver- 
age torque is 186 percent 
the expected 200 percent 

Since the ratio of torque to tensile 
stress actually decreases, then either r 
or the quantity in the bracket of 
Eq (1), must decrease slightly as S 
increases. The effective value of r 
might be conceived of as changing 


instead of 


Fig. 3—Larger bolts require more elaborate equipment to find the tightening effect. 
Mirror is used to measure the effective length of torque arm acting on a 1} in. bolt. 
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because of distortions accompanying 
the increase of load but it seems that 
the circumferential stretch of the nut 
would increase rather than to diminish 
r. The quantity in the bracket Eq (1) 
will decrease with an increase in f, 
but it will also decrease if the coef- 
ficient of friction, f, decreases as the 
result of ironing out irregularities in 
the thread surface. Thus a decrease in 
the ratio, T/S should be attributed to 
a combination of these effects. 


Measurement of Torque 


The methods which are used to de- 
termine the torque on a bolt are ex- 
tremely important (as pointed out by 
Hillman*) since the yield strength 
of the bolt should not be exceeded, 
else the holding properties of the bolt 
are destroyed. The exceptionally skilled 
workman can actually sense a slight 
yield in the bolt and he stops tighten- 
ing when he feels this yield. A skilled 
workman will do a far better job of 
tightening bolts than is possible with 
a torque wrench, but not as good as 
with a micrometer. Four principal 
methods of gaging the tension in 
tightening bolts are: 

(a) Micrometer method. 

(b) Skilled workman 

(c) Angular turn of nut method. 

(d) Torque wrench. 

Methods (a), (c) and (d) are 
probably accurate and safe, not dif. 
ficult, but demand the services of tech- 
nical experts to determine the limits 
within which a given tensile force will 
be produced in a bolt. 

In most applications, it is not prac- 
ticable to measure directly the tension 
produced in each fastener during as- 
sembly. In these cases, the tension 
may be controlled within satisfactory 
limits by applying known torques in 
tightening the nuts. Tests in numerous 
laboratories have shown that satisfac- 
tory torque-tension relationships can be 
established for a given set of condi- 
tions, but the variables must be con- 
trolled; otherwise the relationship may 
be altered markedly. 


REFERENCES 


1. “How Tight Should a Bolt Be?” J. 
O. Almen, Fasteners Data Book, p. 12. 


2. “Strength and Clamping Force of 
Bolts,” K. H. Lenzen, Product Engineer- 
ing, December 1947. 


3. “Frottement des vis et des ecroux,” 
). V. Poncelet, Creille's Journal, vol. 2, 
p. 293, 1827. 

4. "Theoretische Machienenlehre," F. 
Grashof, vol. 2, p. 265 (Voss, Leipzig, 
1883). 

5. "What Torque?," W. C. 
Fasteners Data Book, p. 25. 

6. "Engineering Aspects of Bolt Vari- 
ables,” V. E. Hillman, The Iron Age, 
November 20, 1947. 


Stewart, 


Propuct ENcINEERING — Fesruary, 1951 





Typical control panel for 
bank of vacuum drying tanks. 
Meters indicate aad record 
the vacuum pressure of each 
tank. These pressures must be 
closely maintained since they 
are critical to the quality of 
the final products. Tanks are 
used for drying large power 
transformers after impregna- 
tion with insulating varnish. 


Industrial 


MACHINERY AND APPARATUS de- 
signed to take part in industrial pro- 
duction often require a vacuum system 
This is attributed to the fact that 
process engineers have found increas- 
ing use for vacuum. Many plant pro- 
cesses have been made faster and 
cheaper, products improved and proc- 
essing problems solved by the intelli- 
gent application of vacuum. Typical 
of the processes involved are vacuum 
drying, vacuum filling and vacuum im- 
pregnation. The intent in most cases 
is to remove air from a system or sub- 
ject as an undesirable impurity in 
carrying out of a given process 

The majority of process applications 
involving large volumes lie in the so- 
called “rough” vacuum range. Vac- 
uums of one mm and above come 
under this classification. The high 
vacuum range (one micron and below) 
is encountered much less frequently 


Conductance of Pipes 


In the design of any vacuum system 
or vacuum machinery certain funda- 


Apparatus 


N. R. MALEADY 


Transformer and Allied Products Laboratory, General Electric Company 


mental rules must be observed to ob- 
tain maximum efficiency. These same 
rules apply whether the system be large 
or small. The resistance to air flow 
offered by the piping system is one 
consideration of primary importance. 
The flow characteristic of a pipe is 
usually expressed as conductance or 
“speed”. Unlike the similar case for 
high vacuum where the conductance 
for a given gas is a function of the 
pipe dimensions only, the conductance 
in the rough vacuum range varies 
directly with the average pressure of 
the gas. For an average working pres- 
sure, designers take the lowest pressure 
that the system will be required to 
handle. This assumption provides a 
reasonable factor of safety for ordinary 
process work. 

Conductance of pipes may be based 
on the following approximate formula. 
It is derived from the Knudsen equa- 
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tion using air as the gas at a tempera 
ture of 70 F. 
$00 D*P 
T 
Diameter (in 
b Length (ft) 
P Pressure (mm) 
C Conductance (cfm) 

From the above equation, the con- 
ductance for any size pipe handling air 
at room temperature can be calculated 
Slight changes in temperature do not 
seriously affect the accuracy of the 
equation. A more convenient form 
for this information is the plot in 
Fig. 1. This covers the complete range 
of normal operating pressures in milli- 
meters for standard pipe sizes. The 
graph shows conductance in cfm of air 
at 70 F for 10 ft lengths of pipe. 

A typical problem is to find the con- 
ductance of 10 ft of one in. pipe op- 
erating at an average pressure of 5 mm 


C 


where D 
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By locating 5 on the bottom scale of 
the graph, Fig. 1, it is seen that this 
line intersects the one in. pipe line at 
a rating of 280 cfm, which is the con- 
ductance of the pipe. In cases where 
it is desired to find the conductance for 
lengths other than 10 ft, the chart is 
used as before but the value obtained 
is multiplied by the factor 10/L. Thus, 
if length of pipe in previous example 
were 30 ft, a conductance of 10/30 x 
280 or approximately 93 cfm would 
have been arrived at 

In determining the conductance of 
piping of various diameters in series 
each length of pipe should be consid- 
ered separately. Total conductance is 
obtained by adding reciprocals. Thus: 


1 1 1 1 


C €. E 
The conductance of pipes in parallel 
is expressed by the equation: 
C= Cı + C: + © 


Where C is the total conductance 
and C,, Cy, and C, are the individual 
conductances of the various pipe sec- 
tions. When considering rectangular 
cross sections, the area should be con- 
verted into an equivalent circular cross 
section. In all cases, bends and elbows 
may be disregarded. 

To arrive at the speed of the total 
system (actual evacuation rate) the 
following equation is used. 

1 1 1 
сере 


Where $, is the speed of the whole 
system, S is the volumetric capacity af 
the vacuum pump at the operating 
pressure (rated capacity x volumetric 
efficiency) and “C”’ is the conductance 
of the whole piping system. All quan- 
tities are expressed in cubic feet per 
minute. When the speed of the system 
has been determined, the evacuation 
time for the system as a whole can be 
calculated. Use of the vacuum pump 
capacity alone would be in error since 
it would neglect the resistance offered 
by the vacuum piping. The evacua- 
tion time for the entire system is ex- 
pressed by the equation: 


S І ۴ Sı Po 
( ) = 2.3 log j РУР 


f T ime minutes 
Speed of system 


~ 4 


сіт 

Leak (cfm @ atmospheric pressure) 
Volume of system (cu ft 

Original pressure (mm 

Final pressure (mm) 


нили 


Determining Pump Size 


For designing new installations, 
where economic factors dictate that the 
time of evacuation not be the primary 
consideration, a simple method has 
been worked out based on considerable 
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experience in vacuum process work. In 
dealing with systems of moderate size 
(between 1,000 and 10,000 cu ft) that 
have moderate amounts of moisture, 
some empirical curves have been de- 
veloped for determining the correct 
size of vacuum pump for the job. 
These curves shown in Fig. 2, are 
based on an assumed leak of approxi- 
mately one cfm (measured at at- 
mospheric pressure) per 1,000 cu ft of 
volume with a small additional capac- 
ity to handle the evaporation of water. 
This assumed leak rate is realistic when 
judged on the basis of operating ex- 
perience. The plot should be satisfac- 
tory for applications involving vacuum 
drying, vacuum impregnation, or any 
installation involving only moderate 
amounts of volatiles. 

The curves of Fig. 2 show the ap- 
proximate vacuum pump size in cfm 
for a given volume of system in cu ft 
for any operating range. For an exam- 
ple of their use, consider a system of 
2,000 cu ft where it is desired to obtain 
a vacuum of 10 mm. The value of 
2,000 is located on the vertical scale. 
The 2,000 ordinate intersects the 10 
mm line at the value of 160 cfm on 
the horizontal scale. Once the proper 
vacuum pe for the job is deter- 
mined, the selection of an adequate 
pipe size is the next consideration. 
The complete calculation involves the 
use of conductance of pipes at various 
pressures plus the knowledge of the 
allowable pressure drop in the piping 
for a given length of pipe. 

"The curves of Fig. 3 have been pre- 
pared on the basis of the con- 
ductance of pipes (from Fig. 1) for 
a fixed set of conditions typical of 
those encountered in the average in- 
stallation. It assumes that a 10 percent 
loss of conductance based on the speed 
of the pump may be tolerated and that 
the average installation contains ap- 
proximately 20 ft of pipe. Taking 
these assumptions and knowing the 
size of the vacuum pump required for 
a system, it is necessary only to con- 
sult Fig. 5 to determine the pipe size. 
Returning to the previous example, it 
was found that a pump of 160 cfm 
is required to provide a 10 mm vacuum 
for the installation. Reading 10 mm 
on a horizontal scale, it is found that 
this ordinate intersects the 160 cfm 
abscissa at approximately 14 in. pipe. 
The 14 in. pipe, therefore, is adequate 
to handle any normal installation hav- 
ing approximately 20 ft of piping be- 
tween the tank and the vacuum pump 

The piping layout for a vacuum 
system is a function of a great number 
of variables, many of which are be- 
yond the control of the design engi- 
neer. Even in this vacuum range it is 
important to bring the vacuum pro- 


ducing equipment as close to the work 
as possible for many reasons. First 
and most obvious, the performance of 
the vacuum pump can be hampered 
seriously by inadequate piping. More 
than this, however, is the fact that the 
proper functioning of this type of 
equipment depends largely on the 
maintenance and care it receives. By 
locating the pumping equipment at the 
site of the process, its care and main- 
tenance is facilitated. The effect of 
bends in vacuum piping has many 
times been over-estimated. Actually, 
for most purposes, bends can be neg- 
lected since they offer no added 
resistance. In laying out the vacuum 
system, other considerations should be 
dealt with. All valves and traps should 
be easily accessible for repair and 
maintenance. The piping may be 
either threaded or welded. In the 
former case, new threading equipment 
should be used and an air-curing var- 
nish used to seal joints. This type of 
joints is preferred where the installa- 
tion is developmental in nature. The 
welded or brazed pipe system is prefer- 
able only if it is assembled by expert 
ipe welders. Vacuum piping should 
* arranged to avoid sumps in the 
line where possible. Where this is 
unavoidable, drains should be provided 
together with gage glasses to give some 
assurance that the traps may be occa- 
sionally emptied. Where either solids 
or liquids are likely to be evolved 
during the vacuum process, adequate 
precautions should be taken to protect 
the vacuum pump. This protection is 
two-fold. It protects the mechanism 
of the pump proper and relieves much 
of the pumping load 

A vacuum system should be ade- 
quately valved to permit isolating any 
section when checks are being made 
for leaks. Small valves off the main 
line in various sections may be of 
inestimable use in leak detecting after 
installation. 

It is advisable to use separators in 
a vacuum line for protection of the 
pump. A simple glass cylinder held 
between two steel plates and encased 
in expanded metal provides excellent 
protection. It has the added advantage 
over the conventional traps in that it 
is completely visible so that the oper- 
ator can tell at a glance the condition 
of the trap. With a drain at the bot- 
tom and a vent at the top, materials 
collected can easily be flushed out. 

In the "rough" vacuum range, the 
rotary type vacuum pump is generally 
well suited. It is important, however, 
to include an adequate surface con- 
denser before the vacuum pump in the 
piping set-up. This arrangement per- 
mits handling moderately large quan- 
tities of water or solvent vapors with 
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Volurne of Tank (Cubic feet) 





0.50 











Vacuum Pump Capacity (CFM) 


1 2 2. uw 
Absolute Pressure (Millimeters) 


Fig. 1—Conductance of pipes in cfm per ten foot length of 
pipe. Conductance is a function not only of the pipe diameter 


but of the vacuum pressure as well. 


Fig. 2—Vacuum pump selector chart. From this can be obtained 
the approximate vacuum pump capacity required to obtain a 
given final pressure for a given volume of tank. 


Fig. 3—Pipe selector chart for vacuum installations. 
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These 


curves greatly simplify the determination of the most efficient 


pipe size for a specific application. 


All that is required is a 


nowledge of pump capacity and tank pressure. 


no danger to the pump. Only air 
saturated with vapor at the tempera- 
ture of the condenser cooling water 
reaches the vacuum pump. This not 
only protects the pump from harmful 
"slugs" of liquid but considerably de- 
creases the load. 

Even with this condensing surface 
in the vacuum line before the pump, 
it still may be necessary for the pump 
to handle small quantities of water. 
A satisfactory pump, therefore, should 
rotate at a reasonably slow speed 
to prevent the emulsification of 
condensed vapor with the vacuum 
pump oil. An excellent solution to 
the problem of water-oil separation 
may be found in the design where the 
separation of the exhaust air and oil 
is handled by one well designed oil 
separator and the separation of the 
water and oil mixture by a second 


Vacuum ¬ Inches 
299 29. 


5 10 


Absolute Pressure (Millimeters) 


operating chamber. The air-oil separa- 
tor is designed to provide ample space 
between the top surface of the lubri- 
cator and the baffles, to allow free 
passage of the air without agitating 
the water-oil mixture. This minimizes 
the possibility of the oil becoming 
emulsified. The mixture of oil and 
water then flows to the base of the 
pump where natural separation takes 
place by gravity 

In the usual industrial applications 
the efficient and successful operation 
of the rotary pump will then depend 
on maintaining the proper quality of 
the lubricating oil. In such systems, 
small quantities of volatile contamin- 
ants gradually dilute the lubricatin 
oil. This condition can be easily = 
however, by periodic checks of the 
viscosity of this oil. The grade of oil 
usually recommended by the manu- 
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facturer is generally selected near the 
lower viscosity limit consistent with 
good sealing. It is possible in prac- 
tice to select a slightly heavier oil 
without seriously overloading the pump 
and permit this oil to dilute to the 
lower viscosity still providing adequate 
lubrication. 

Instrumentation in modern vacuum 
processing has been made relatively 
easy by the wide choice of good 
vacuum instruments. Among the 
vacuum indicators, there are available 
ranges from 0-15 mm scale having 
0.2 mm minimum reading and from 
0-400 mm with a 10 mm minimum 
reading. Among the recording vacuum 
instruments, scales of 0-100 mm are 
available with a minimum reading of 
0.4 mm. Vacuum recorder-controllers 
are available in all preceding ranges 
and have comparable accuracy 
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Russian Realism, Careful Design, 


A machine is based on the designer’s concept of its 
final application. Each part is a compromise between 
performance and cost in labor, time and material. 
A fighting tank is a balance between strategic ob- 
jectives, ease of production, and crew comfort and 
safety. American engineers will find it difficult to 
appreciate the brutal realism of the designers of the 
Russian T-34 medium tank in their contempt for the 
last of these factors. Sentimentality over splintered 
bones and blood-sodden uniforms of casualty crew- 
men was no factor in the design of the T-34. Four 
design assumptions were made about final tank ap- 
plication: 1. military manpower reserves are large; 
2. technical skill is low in crews and, for the most 
part, in production workers; 3. discomfort and cas- 
ualties will not greatly hamper crew effectiveness; 
4. numerical parity, at least, will be available in 
combat. Average tank life in combat is postulated 
and the endurance of gun, armor, transmission, en- 
gine and drive system is precisely designed to this 
expectancy. The tanks pictured are at the Army 
Ordnance Aberdeen Proving Ground, Aberdeen, Md. 
The model shown above is World War II vintage. 
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ROUGH CASTINGS on one turret were a medium carbon, 
fairly dirty steel, with nickel, chromium, molybdenum, man- 
ganese and notable silicon. Brinell hardness approached 330. 
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LOW-SILHOUETTE T-34/85, dif- 
fering from earlier model on op 
posite page in turret design and 
в addition of 85 mm gun, was 
brought from Korea by Army Ord- 
nance Intelligence Detachment after 
losing a tread in combat. Top 
speed is 30 mph, weight is 35 tons 
It climbs a 60 in 100 grade but 
requires 4 times projected area to 
turn around. The ring-gear, motor- 
or hand-driven turret, without sta- 
bilizer or crew basket, is unbal- 
anced by 85 mm gun, making 
traversing difficult. The gun is a 
standard drop-breech design, of 
poor workmanship and relatively 
light construction. Nevertheless, it 
fires accurately and rapidly for the 
postulated tank life. Armor is 2 
in., 30 deg slope along front of 
body, and 3 in. on exposed turret 
areas. Electric fan ventilating sys- 
tem is provided for bore gases 
The diesel engine, flanked by water 
radiators, mounts longitudinally be 
hind turret, driving rear track 
sprockets through T-shaped trans 
mission. Wide track design is a 
good compromise for either sandy 
or marshy ground. Radios are 
standard equipment in every tank 


UNBELIEVABLY CRUDE, sometimes even discontinuous DIESEL ENGINE, 4 cycle, V-12, water cooled, wet liner, 
welds hold rolled top to cast turret sides, and a side hit — maximum power of 500 hp at 1,800 rpm. Ex- 


may pop lid. Early model T-34 turrets were entirely cast loited power is 400 hp. (continued on next page) 
y pop ) ) Pag 
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PRODUCT DESIGNS 


Starter air 
1- distributor 


^ 


COMPRESSED AIR starting system takes air from tanks 
or emergency pump through distributor to cylinders. Hol- 
low stud connections are typical German design. An elec- 
tric starter is also used, but condensation in air system 
in cold weather may minimize advantage of dual system. 
Water inlet temperature is 55 C, outlet 60 C. Oil lines 
are all external to block and subject to vibration fatigue. 


ACCESSORY DRIVE GEAR meshes with main shaft bevel 
gear. Straight spur gears to other pumps are shown in 
this view of top of crankcase. Location of the pumps below 
the engine may simplify maintenance, but the instability 
of the crankcase makes assembly of bevel gears difficult 
and detracts from gear life. Workmanship on gears is 
poor throughout; none are polished. Engine is reasonably 
easy to maintain but difficult to remove for overhaul 
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Russian T-34 Tank (continued) 


Ой strainer 


CRANK CASE carries fuel, oil and water pumps and fuel 
and oil strainers below front of engine. Oil filter is not 
provided. Rough aluminum block may result from г 
molds or use of impure, re-claimed aluminum. and ef 
lock washers, steel shims are used under most nuts on 
engine, bending up over nut flat and down over some con- 
venient base edge. Design resembles aircraft models. 


CAM SHAFTS are driven by simple straight gears. Valve 
clearances are set by depressing spring and splined collar 
and screwing cap up or down on stem. Splined collar 
holds cap when engine is operating. The valve clearance 
of 0.090 in. can be set by eye. The engine is noisy and 
throws smoke, but is adequate for the tank. Overhaul life 
is estimated at 200 hours, under favorable conditions. Valve 
stems are one of the few original components in the tank. 
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r- Starter air valve 


Fuel injection valve hole 
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RECESSED CYLINDER HEAD holds fuel injection and starter air 
valves. Thick head gasket is aluminum. Pistons are recessed to clear 
valves. Fuel consumption is 166 gal per hp hour at full exploited 
power. Each part in the engine is hand-stamped with a number for 
assembly by unskilled workers. Cam shaft and valve parts are inter- 
changeable and made to standard tolerances. Skilled workmanship is 
used only where absolutely necessary throughout the tank and engine 


p Clutch springs 


Р Flywheel 


CLUTCH is multiple metal disk, mechanically operated 
type. Fan flywheel cools plates. Disks are compressed 
or expanded for clutch action by rotation of lever, moving 
throwout balls in or out of elongated seats. Plate fixed 
against engine block to restrain longitudinal movement of 
throwout ball ring has been removed in this view. Oil 
seals are felt and oil lines and gaskets are low-grade oil- 
resistant rubber, indicative of the short life of the engine. 
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FUEL INJECTION VALVE is well made 
Fuel pump, if not made in Germany, is a copy 
of Bosch design. Pump precision is well above 
average for other engine parts, and probably 
equal to American standards. Flexible cou- 
plings on injection pump and generator drive are 
rubber pads held between two steel plates 


Driving leet? 


ж 
REAR VIEW OF CLUTCH shows ring gear to mesh 
with dog on electric starter mounted behind fuel pump 
on engine. Driving teeth mesh with internal teeth on driv- 
ing disks, which alternate with driven disks with teeth 
on outside periphery to mesh with grooves on inside of 
driven drum. This ball bearing was of Swedish manufac- 


=. шеш A Ln — 


ture. Russians are evidently not self-sufficient on anti- 
friction bearings. (continued on next page) 
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PRODUCT DESIGNS 


TRANSMISSION, with 4 forward speeds and 1 reverse, 
has two control forks to slide low and high range gears 
on splined shafts shown, plus a third fork for the reverse 
idler attached to transmission cover. Departure from stand- 
ard straight gear design is made in input shaft bevel gear. 
Twin output shafts drive tracks through steering clutches 


POLISHED CRANKSHAFT is interesting departure from 
crude workmanship of most parts 
and piston rods are hand-fitted ; 

crank bolts are not each pair of 
opposed cylinders, one master rod with a connecting rod 


Shaft, insert bearings, 
unlike 
interchangeable 


head nuts, 
For 


piston 


is used, rather than two similar rods on a common bearing 
Cylinder bore is 150 mm; the stroke is 180 mm in the 
left bank, 185.7 mm in the right. No vibration dampers 
are provided on the shaft, careful design keeping major 
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Russian T-34 Tank (continued) 


a VUA 


STEERING CLUTCHES on each transmission output shaft 


are multiple disk, spring designs like main clutch. Driven 
disk teeth mate with teeth inside brake drum. When clutch 
is disengaged, brake bands hold drum, stopping track on 
one side to steer tank. Felt seals allow oil to seep into 
clutch, causing overheating in comparatively short time. 


frequencies out of operation range. This emphasis on 
the crankshaft is calculated to minimize handicaps of poor 
field supply and transportation by avoiding engine changes 
and major overhauls. Package designs combining power 
and control systems in integral, replaceable units is avoided. 
A primary design aim was to allow repairs by the tank crew 
as far as possible. Emphasis on essential components was 
also characteristic of German tank engineering. Non-critical 
parts were made as cheaply as possible. 

1951 
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TRACK DRIVE WHEEL is ruggedized copy of this early 
design of Walter Christie. Lugs are driven by rollers turn- 
ing on bolts between heavy, protective side plates 


Sloppy 
rollers are not sensitive to dirt or wear 


Rear track drive 
was retained in T-34 to simplify transmission shafting, al 
though tread life and reliability may suffer somewhat 


SUSPENSION is based on design patented by Walter Christie, pioneer 
American tank designer in 1931. The Christie system shown here car- 
ried rubber tired wheels, contacting track at the top and bottom, on 


stub axle at the end of pivot arm 
ground contours 


Three outside tanks are sometimes attached. 
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FEBRUARY, 


A spring allowed wheel to follow 
Russian engineers employed an old but adequate 
drive and suspension system in place of more efficient, but also more 
expensive designs. Two 70 gal fuel tanks are carried in turret, and two 
30 gal tanks in engine compartment, protected only by body armor 


L1 


Р 74 Double-tired 


4 


RUSSIAN DESIGN keys arm to suspension shaft which 
compresses internal spring by a second arm. Vital spring 
is protected by body. Coil spring suspension is rugged 
and easier to manufacturer than the more efficient torsion 
bar system preferred in most recent tanks. Production costs 
were an important consideration in T-34 design calculations 


THE T-34 IS NO PULLMAN CAR. Crew 
comfort and safety are almost completely 
sacrificed to striking power and low produc 
tion The engine, transmission and 
clutches have short operating lives. On the 
other hand, its 35 ton frame delivers high 
velocity 85 mm shells at a respectable rate 
yf fire. The crude suspension, tracks and 
armor give adequate protection to keep the 
tank in action under anything but a large 
caliber, direct hit. Germans considered the 
early T-34 the best tank in Europe. It is still 
the standard medium tank of the Russian 
wmy. In the United States, production costs 
for a similar design might be about $30,000. 
Ihe most important design characteristic is 
the scruplous care with which each component 
1S engineered to fit the expected operating 
life of the tank in combat. Like the deacon's 
one-horse shay, it just does the job. Weak 
nesses are apparent, however, in the depend 
ence on foreign designs for components and 
the limited supply of skilled workers to pro 
duce more precise equipment. Cramped quar 
ters, brittle armor, the bore-gas air, and 
operating difficulties increase crew fatigue and 
cut operating ethciency 

Morale and the will-to-combat are not in 
creased. Heavy breech assembly reduces tur 
ret unbalance to some extent on late models 
but floor storage ammunition remains as a 
hazard to the crew and unrelieved welds re 
duce armor protection 


costs 
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PRODUC DESIGNS 


FOUR FLASKS are tilted in top view to vertical position and filled with sand from overhead hopper. Flasks then 
swing to horizontal and patterns move into position to roll mold to final diameter before a weighed amount of metal 
is poured in, to be spun at 850 rpm and solidify as seamless soil pipe. Electric control runs whole operation. 


Casting Machine 
Timing Control 


SpeedsOperation 


An automatic control designed for Combus- 
tion Engineering’s centrifugal pipe casting 
machine by Walter W. Coleman of Chat- 
tanooga halved the 5 minute cycle time re- 
quired with manual control. Chance of ma- 
chine damage from operator’s mistakes was 
eliminated. Over 50 operations, in up to 25 
steps are controlled, with adjustable timing 
for each step. Operation is based on timing 
and/or sequence control of a 50 step rotary 
switch, handling circuits to various func- 
tions, timing resistors and switches, The 
armature pulls in when an impulse is 
applied to the rotary switches and the step 
occurs when the current is interrupted. An 
electronic timer was used first, but final 
design included a motor driven switch. 
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ЕДІ ЕТЕДА 


МЕДАЛА ДАА 


CONTROL PANEL'S top row is stepping switch position indicator 
lights. Next are timing switches, with selector switches to position 
stepping switch at any cycle position in the third row, and timing 
switches in the fourth. A master switch cuts out timing circuits. 
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STEPPING COIL CIRCUIT is energized by start button pulling armature in to energize timer. Switch steps to No. 
1 position when start button opens. Timer relay closes after time set by No. 1 timing resistor, giving rectifier impulse 
through stepping switch level 4 to stepping coil to break time: relay contacts, and open circuit to stepping coil. 


D T 


SCHEMATIC DIAGRAM shows master timing push- provide for protection interlocks or limit switches for 
button to give manual step when timing switch is "in." sequence operation. Two of stepping switch's levels have 
Hermetically sealed relays RS to R32 apply voltages to — bridging contacts for holding functions. An open switch in 
components. Circuits to stepping coil are socketed to interlock circuit provides semi-automatic operation. 
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Heavy Valves 


Positioned 


By Air Motor 


Development of the Rotomotor by the Con- 
oflow Corp. aimed at a self-locking oper- 
ator for large valves and dampers requir- 
ing 6,000 to 50,000 Ib thrust and up to 24 
in. travels, Stability and sensitivity could 
not be sacrificed. Electric motors were ruled 
out by high system inertia; diaphragm and 
piston pneumatic actuators were low on 
thrust and travel. Expense and complexity 
eliminated a combination air-control, hy- 
draulic power design. Conoflow engineers 
decided to use a multi-piston air motor with 
low speed and inertia and high torque to 
move the valve stem through a thrust-multi- 
plying, self-locking gear train. An emer- 
gency hand wheel incorporated easily in this 
design. A drum-winding steel tape was 
chosen as the long-travel position sensing 


element for proportional position control. 


Self-Energizing, 
Hand Brake 


An internal-expanding hand brake has been 


designed by Chrysler to give three times the 
maximum braking effort that was supplied 
by the external-contracting type. The in- 
creased effect is made possible by the self- 
energizing action of both brake shoes, which 
have the same area as the contracting band. 
The shoes float around an anchor pin until 
hand force is applied through the cable. 
The assembly is not connected to the drum 
or the support plate which fully enclose the 
working parts for protection against dirt or 
oil. The brake is designed to hold a 6,200 
car on a 32 percent grade, and sets for 
parking with a 35 lb hand pull compared 
to 100 Ibs required by external brake. 
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Valve stern 


CONTROL HEAD is shown set up on valve for test. Multi-piston, 
wobble disk, 100 psi pneumatic motor drives stem through phosphor 
bronze worm gear in grease packed housing. The worm wheel is 
splined to roller-bearing-mounted stem nut with slight play to over- 
come sticking by hammer effect. Accuracy of repositioning to the 
proportional position sensed is designed as 1 part in 500 of travel. 


INSTALLATION of internal-expanding brake shows enclosure formed 
by drum and support plate. Drum rotates with universal joint flange 
while the support plate is attached to the rear of the fluid drive trans- 
mission extension housing. A cable conduit adjusting nut is located at 
the hand brake, while lining wear is taken up by an internal nut. 
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CUTAWAY of another model shows tape 
which unwinds from drum, turning spring 
loaded cam to transmit stem position to propor 
tional positioner relay. Control instrument pres- 
sure of 3 to 15 psi is impressed on relay bellows 
regulating air pressure to pilot valve 


LEVER PIVOTS on one shoe and is linked to EN 
shoe by push rod. Wear compensating nut and stuc 
nect bottom of shoes 


con- 
Not shown are p spring 
restraining fore-and-aft movement and spring to hold 
shoes in when not in use and allow rotation of drum. 

ENGINEERING - 
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PILOT VALVE receives 2 to 10 psi output of positioning relay to 
direct 100 psi line pressure to motor to equalize stem position with 
control instrument setting. Departure of positioner pressure from 6 
psi mid-load of valve spring throws full line pressure on motor 
of stem travel is constant throughout stroke, varying from 1 to 30 ipm. 
Air failure leaves stem in last position for hand operation 


Rate 


CABLE FORCE on lever is transmitted to the left shoe by 
push rod and through the lever pivot to the pivoted right 
shoe. As both shoes tend to rotate they force themselves 
tighter against drum, multiplying the hand braking force. 
Return spring acts to release brakes when cable releases. 
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| Operating Principles of Some 


DIFFERENTIAL PRESSURE TYPE 
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10 to 1. Venturi 
(A) 


VARIABLE AREA TYPE 


Synchro motor 


Bor magnets 


, 
е 


SD 


к К 
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Colibrated 
spiral spring ш 
А Section A-A 


SS 


Bendix Aviation Corp Fischer And Porter Co 


(A) In this device, the flow area is altered by the movement or rotation (B) This meter operates according to the varia- 
of a vane in the spiral chamber. The fluid pressure deflects the vane to a 
position where this pressure is counteracted by the spiral spring force. Vane 
motion is transmitted through the integral chamber by means of a magnetic of the tube. Flow range is limited. Normally 
shaft coupling which consists of two separate bar magnets. Within a range used in a vertical position it has an accuracy of 
of maximum to minimum flow of 10 to 1, this device can effectively meas- better than 2 percent. Spring-held float permits 
ure fluids with an accuracy of plus or minus 3 percent. use in horizontal position, but with less accuracy. 


tion in flow area. Flow rate is found by read- 
ing the position of the float on the etched scale 


i 
i 
i 
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POSITIVE DISPLACEMENT TYPE — 


Disk pivots a! A 
in spherical [] А 
seo! i zzz 
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Stationary 
plate 
A 


(A) - Bowser, inc. 
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Liquid Flow Meters HOWARD W. COLE, JR. 


4 


Consultant 


——— 


i a =. АА сда 


597777 р Where: 
н Q= Flow rate 
C= Discharge coefficient 
A= Cross-sectional area 
g# Gravitational constont 
h» Head of the liquid 
(B) Orifice (C) Nozzle 


VELOCITY MEASUREMENT TYPE 


Orifice plote holes Electrical 
ore drilled ota 3 m pick-up coil 
helix angle ў + 


АЛЛА us -Pick-up coil ,, Magnet in 


KKH _ 18 
E |} RN ак D 


DEZ 


Boll roce 


ШР 


“Potter Aeronautical Co 
(B) Flowmeter operates by means of an axial bladed rotor. A per- 
manent magnet assembled inside the rotor sets up a rotating magnetic 
rotation of the ball produces an electrical impulse in field which generates an alternating current in the external pick-up 
the pick-up coil which can be electronically re- coil. A special design of the venturi section utilizes the fluid flow to 
corded. Accuracy is within plus or minus 0.5 per- counteract the thrust force of the fluid on the blades, thus the rotor fully 
cent, however, the pressure drop is relatively high. floats axially between the supports. Accuracy is within +0.5 percent. 


(A) Fluid is directed through helical orifices and 
force the magnetic ball to rotate in the race. Each 


_ Measuring chomber (A) Fluid causes inclined disk to pivot about the spherical seat. 
~ T * Stationary plate prevents rotation of the disk and separates the in- 
coming and out-going fluid. Cam and shaft hold disk tightly in 
contact with the chamber surfaces at opposite sides. In this man- 
Blodes rotate ner, the disk seals the two separate measuring compartments. 
% by com action 


O 
o0 
4 (B) Flow is measured by the displacement of three or more pis- 
x tons. This motion is translated into rotation by means of a wobble- 
O plate and drive arm. Direction of flow is controlled by a valve 
plate. Fluids must be adequately filtered due to close dimensional 
tolerances. This device is limited to relatively low pressures. 


(C) Meter consists of a rotor with vanes that change their rela- 
tive position as the rotor spins. Vane movement is controlled by 
a special cam. During the measuring cycle the vanes are held nor- 
mal to the flow. Close clearances and a sealing element be- 
tween each blade keep friction and fluid leakage to a minimum. 
Bowser, Inc Accuracy is within +0.5 percent and limited to filtered liquids. 


Sealing 
element 


| m————————— 
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Some sizes and shapes of inclosures for telephone type relays hermetically sealed for protection from contaminated atmospheres. 


elephone Type Relays 


Arc Suppression and Contacts 


V. E. JAMES 


Staff Engineer, Control Division, Automatic Electric Company 


Capacitor-resistor arrangement schemes for suppressing sparks and 
arcs across relay contacts. Characteristics, ratings, and applications 
of contacts made of different materials and alloys. Protective inclo- 
sures for telephone type relays. Design principles and operation of 
telephone type relays were discussed in Part I of this article, October 
1950, page 130. Coil constructions and timing characteristics of 


typical coils were discussed in Part II, November 1950, page 141. 


UNLESS PREVENTED, sparking and arc- 
ing at relay contacts may be caused by 
the applied load potential, or the volt- 
age induced by the load, or a combina- 
tion of both. This induced voltage 
tends to maintain the flow of current 
as contacts open, and the arcing that 
results melts the contact faces. In non- 
inductive a-c circuits of 115 volts or 
less and d-c circuits of 24 volts or 
less, suppression of sparking caused by 
the applied circuit voltage is usually 
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TYPICAL SPARK SUPPRESSION SCHEMES 
Fig. 


sor. 


1—(A) Capacitor-resistor suppres- 
(B) Non-inductive coil auxiliary 
winding. (C) Non-linear resistance shunt. 


unnecessary, if the contacts have th 
required steady current carrying ca- 
pacity. 

Inductances such as small motors, 
heavy duty solenoids, stepping relay 
coils, and similar devices, usually re- 
quire spark suppression irrespective of 
the applied voltage. 

When spark suppression is necessary 
two variables of the spark suppression 
elements must be selected. First, a 
value of capacities must be chosen 
that is large enough to accept, to 
divert and to store the energy that 
would otherwise be dissipated across 
the opening contacts. In general tele 
phone practice, the rate of dec ay of 
flux in the load and the amount of 
energy to be stored are usually such 
that a capacitance of 0.2 to 0.5 mf is 
ample to suppress arcing in 115 volt 
circuits, and 1.0 to 2.0 mf is usually 
adequate for circuits of approximately 
75 volts or less 

The second variable that must be 
selected is the series resistor. It is used 
to regulate the rate of flow of energy 
into and out of the condenser, so that 
the dissipation of this energy is con- 
trolled and as a result cannot do more 
harm to the contacts than the load it- 
self. In practical applications, resist- 
ances used for this purpose vary 
between 10 and 1000 ohms, the selec- 
tion depending upon both the size 
of the capacitor and the degree of 
inductance of the load. 

A typical variation of these two 
factors for a particular type of load 
with different applied voltages is given 
in Table I, these are typical values as 
applied to stepping switch control for 
telephone type relay contacts of various 
voltages. These values happen to be 
ideal for one particular switch and 


Contoct dependobility, successful closures per foilure 


-— — 
5 10 !5 20 25 30 35 40 

Contoct pressure , groms per contact pair 
Fig. 2— Variation of contact dependability 
with the increase of grams of contact pres- 
sure for a typical telephone type relay. 


applied voltage relationship. For an- 
other similar type of switch and the 
same voltage conditions, an entirely 
different set of capacitance and resist 
ance values might apply. 

Schemes of spark suppression that 
are more or less in common usage are 
shown in Fig. 1. Fig. 1 (A) is the 
most common capacitor-resistor ar- 
rangement. Fig. 1 (B) shows a non- 
inductive winding; it protects the con 
trolling contacts by two means. (1) 
When the circuit is initially opened to 
the relay or magnet the non-inductive 
winding acts as a low inductance shunt 
circuit across the inductive winding 
terminals. The emf of the collapsing 
field in the coil is thus caused to op 
pose any rapid flux change, and hence 
reduces the severity of the voltage so 
generated, which would otherwise tend 
to punish the opening control contact 
(2) The non-inductive winding pro 
vides a path for dissipating the energy 
the inductive winding is giving up 
For the telephone type relay or step- 
ping switch, the non- inductive winding 
can often be wound on the same spool 
with the inductive winding 

A non-linear resistor for spark sup 
pression is shown in Fig. 1 (C). When 
the surge potential from the load's 
"kick" high, this resistor offers a 
relatively low resistance path in paral 
lel with the opening contact for rapid 
dissipation of the unwanted energy. At 
steady state, this resistor offers a high 
resistance path with no interference 
with normal circuit operation. 

For any particular type of relay, 
there exists a specific relationship be- 
tween the amount of load the armature 
can handle at its buffer and the ampere- 
turns input to its coil at that time 
This relationship is usually expressed 
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Contoc! pressure ,groms 
Fig. 3—Probability of contact failures for 


single contacts as compared with failure of 
twin contacts on telephone type relays. 


by the relay engineer in either tabular 
or curve sheet data form as ampere 
turns versus contact load in grams. 
Telephone type relays in general 
produce high contact pressures per 
ampere turn. Each class or style has its 
own characteristic contact load curves. 
Test perform ance curves for one variety 
of telephone type relay are shown in 
Fig. 2. In these curves, the number of 
successful contact closures for a mating 
ontact pair in respect to each recorded 
failure is plotted against the pressure 
with which they were in contact. For 
single contact paths, pressures of 35 
to 40 grams per contact are indicated 
for an allowable average of approxi- 
mately one failure per million closures 


SINGLE OR Twin Contacts. The data 
presented in Fig. 3 indicate the greater 
reliability obtained with twin contacts 
The curve shown for twin paths is 
theoretical, and is based on the single 
ontact data. The degree to which the 
performance of an actual twin contact 
fits this theoretical curve depends upon 
how much the two contact fingers of 
the single spring are independent of 
each other, in so far as providing in- 


Table I—Capacitor-Resistor Suppressor 


Spark Protection 
! 
Non-Inductive 
Series- 
Resistor, 
ohms 


Spark 

Applied Suppression 

z Circuit Condenser, 
Voltage | mmf 


115 200 
60 200 
48 200 
24 125 
12 10 
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Fig. 4—Telephone type relays with heavy duty contacts. (A) Relay with both 
open and inclosed snap acting switches. (B) Relay with mercury contacts. 


(B) 


Fig. 5—Inclosures for telephone type relays. (A) Commonly 
used incloure. (B) and (C) Regular dust protection inclosure. 


dependence of contact action. If an 
obstruction in one set of a pair of 
contacts on the same spring affects the 
contacting for the alternate path, true 
twin-contact dependability does not 
result; and the performance curve for 
that particular arrangement is closer 
to the single contact curve than to the 
theoretical twin-contact curve 

In applications where a certain num- 
ber of failures can be tolerated, the 
use of twin contacts would represent 
poor engineering from the standpoint 
of economy. In circuits where absolute 
dependability is required and sufhcient 
power is available to provide ample 
pressure for twin contacting, good 


engineering demands twin contacts. 


TELEPHONE TYPE CONTACTS AND 
RATING. The characteristics of several 
typical varieties of contacts are given 
in Table II. These do not include all 
the possibilities. For example, com- 
binations of contact sizes and shapes 
shown in Table II as mates are some- 
times mixed, or other sizes and shapes 
of some of the materials shown with 
limited sizes and shapes may be called 
upon for special application. The relay 


engineer, therefore, needs all the help 
he can get from the user in specifying 
the nature of the load, what life is 
required, and the degree of reliability 
that must be assured. 

Two examples of special contacts 


are shown in Fig. 4. Fig. 4 (A) isa 
telephone relay equipped with snap- 
action contacts. Fig. 4 (B) shows a 
relay having mercury contacts. 

To insure life and dependability, a 
stable protective inclosure of some 
kind is often applied to telephone type 
relays. Various inclosures are avail- 
able, varying in effectiveness from the 
ordinary dust protection cover to full 
hermetic sealing. 

Three common inclosures are shown 
in Fig. 5. Fig. 5 (A) is the regular 
telephone relay inclosure used for pro- 
tection against room dust such as is 
encountered in ordinary switch rooms; 
fine or driven dust will sift in at the 
terminal cut outs. For extremely dusty 
locations, the inclosure shown in Figs 
5 (B) and (C) provide effective 
sealing 

In extremely dirty or contaminated 
atmospheres, only hermitically sealed 
inclosures insure ideal relay operating 
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conditions. With such inclosures, the 
full normal rating of the contacts in 
a dry gas at atmospheric pressure is 
obtained during the mechanical life of 
the relay. Also, with hermitic sealing, 
the mechanical life of the relay is 
safeguarded against excessive moisture, 
acid fumes, oil spray, dust, grit, ice, 
salt spray, fungus growth, oxidation of 
bearing lubricant, and tampering. 

Since volatile materials (and most 
insulations used are volatile to some 
degree) inside the limited space of an 
inclosure can play havoc, the manu- 
facturer must make sure by pre-baking 
that all possible volatility is removed 
Sleeving of leads must be made of a 
special reduced volatility material. The 
best results are obtained when a com- 
E "pumping down" job is followed 
y purging and re-evacuation. The in- 
closure is then ready for filling with a 
dry inert gas, usually nitrogen, and 
sealing off. A small amount of tracer 
gas, needed in testing for leaks, is 
usually introduced during the filling. 
In many applications, a sealed off in- 
closure that has not been purged and 
filled with inert gas will suffice. 

An inclosure with individual ter- 


ENGINEERING — FEBRUARY, 1951 





Table II—Sizes, Shapes and Ratings of Telephone Type Contacts 


Typical telephone type relay contacts listed here are appli- 
cable for almost any control purpose. Many can be supplied 
as twin contacts, that is, two contacts mounted on separate 
arms of each contact spring; the circuit is thus completed 
through one contact if the other contact is held open by dust 
or grit. Twin contacts are used also to increase current- 


have almost twice the carrying capacity of a single contact, 
but usually do provide higher rating of contacts for breaking 
or making circuits. 

Contact rating is affected by relay characteristics; size, 
shape and material of spring; and contact assembly. 

All moderately heavy to heavy inductive load circuits should 


carrying capacity. A pair of twin contacts, properly adjusted, 


have suitable spark suppression 


Basic Contact Assemblies, Shown in Unoperated (Normal) Position 


R‏ م 


Form A—“Make” Form B—“Break” Form C—“Break Form D—“Make Form E—“Break—Make 
Single-Throw (Single-Throw Make” — Before Break" Before Break" 
Normally Open) Normally Closed) (Double-Throw) (Double-Throw) (Double-Throw) 

Any desired contact assembly is specified by giving the "LIEIBICLIA I D" specifies a combination that includes 
number of sets of each form required. For example, one of each basic forms, a total of 20 contacts on 14 springs. 


Dia, Height, Material 
in in 


0 015 | Pure silver 


015 Palladium 


Palladium 


Silver 


Palladium 


Platinum- 
Ruthenium 


Palladium-Silver 
Silver 
Palladium 


0.031 | Platimum- 
Ruthenium 
0.031 | Palladium-Silver 


0.063 lungsten 


Laminated Silver 


Tungsten-Silver 
alloy 
lungsten-Silver 
alloy 


115 volts 

A-C Snap Action Contacts 
A-C Non-Inductive Loads Break 10 amp 
Make 6 amp 


D-C Snap Action Contacts 


Mercury Contact, 
Glass Inclosed 
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CONTACT DATA 


Load 


Make or Break Carrying Remarks 


Watts |Max. Amp. Watts | Max. Amp. 


1 (Ind.) 100 | 2 (either Used with small springs 
) (N.I Ind. or N.I.) | where space is limited. 


(Ind.) 100 | 2 (either More resistant to tar- 
(N.1.) Ind. or N.I.) | nish than silver. 

Better for low voltage. 
(N.I. 3 3 (N.I Generally recommended. 
Non-microphonic and 
resistant to tarnish. 


Good in medium voltage 
circuits. 


See second line above 


Long life. Maximum 
resistance to me- 
chanical wear. 


See third line above 

See fourth line above 
See second line above 
See sixth line above. 


See third line above 


Mechanically hard 

For highly inductive, 
ا‎ > low current 
circuits. Good on high 
voltage 


Similar to tungsten in 
load characteristics, but 
not as mechanically 


hard. 


Similar to tungsten in 
hardness. Similar to 
silver in load handling 
characteristics. 


230 volts Will handle 300 watt lamp loads (allowing for nor- 
mal amount of inrush current), or an average 

5 amp į hp motor, or a well designed } hp motor 
3 amp 


D-C or A-C Non-Inductive Loads 10 amp, 125 volts 


D-C or A-C Non-Inductive Loads 
25 amp, 80 volts; 20 amp, 115 volts; 10 amp, 230 volts 


Available only in 
Forms A and B. 


ES 





dtm 


(Courtesy Electric Seal Corporation) 


qnom v O 


(View (A) Courtesy Electric Seal Corporation) 


Fig. 6—(Left) Hermetic inclosure with in- 
dividual terminals. (Center) Inclosure 
with solder lug terminals. (Right) Plug- 
in type hermetic inclosure 


minals is shown in Fig. 6, left. In this 
type the possible numbers and arrange- 
ments of terminals are numerous. It is 
somewhat more expensive than types 
having a common set of terminals in a 
single glass header, Fig. 6 center, 
which has solder lug type terminals 
and no sub-base. The inclosure shown 
in Fig. 6 right, employs the same com- 
mon glass header but has a sub-base 
with inter-connection to the glass 
header for plug-in type mounting. 

An anchored plug-in type inclosure 
is shown in Fig. 7 (A). Figs. 7 (B) 
and (C) show other and much smaller 
versions 

Since the cost of sealing relays is 
somewhat proportional to the number 
of terminals provided, other factors 
being the same, a saving in cost is 
sometimes possible by putting more 
than one relay in a single inclosure, as 
shown in Fig. 7 (D). There are many 
sizes and shapes of hermetic inclosures 
in common usage for telephone type 
relays, but in the types of inclosures 
shown here are represent most of the 
methods of mounting, anchoring, and 
bringing out the terminals 


Fig. 7—(A) Anchored plug-in type her- 
metic inclosure. (B) and (C) Other 
anchored plug-in types of hermetic inclo- 
sures. (D) Single hermetic inclosure con- 
taining more than one relay. 


Supreme Court Clarifies Patent Rulings 


GADGETS ARE NOT PATENTABLE, the 
Supreme Courts said this week. In a 
unanimous opinion, the justices slapped 
the Patent Office down for giving a 
patent on the three-sided rack used on 
supermarket counters to pull groceries 
up to the cashier's station. 

The majority ruled in favor of 
Great Atlantic and Pacific Tea Com 
pany, which had appealed after losing 
an infringement suit in the 
courts to Supermarket Equipment 
Corp. The Court found that the Pat- 
ent Office had stretched its definition 
of the word "invention" beyond rec- 
ognizeable limits. In this case, "the 
courts below perceived invention only 
in an extension of the counter ' 
and not the rack itself. And this, it 
judged, could hardly be considered 
an invention 

“The function of a patent is to add 


lower 
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to the sum of useful knowledge . 
this patentee had added nothing . 
but has merely brought together seg 
ments of prior art and claims them in 
congregation as a monopoly,” wrote 
Justice Jackson for the majority. 

In a concurring opinion for himself 
and Justice Black, Justice Douglas 
wrote a stinging rebuke to the Patent 
Office—the like of which the musty 
Bureau has not had in years. 

‘The constitution never sanctioned 
the patenting of gadgets,” Douglas 
said. "The Patent Office, like most 
administrative agencies, looked 
with favor on the opportunity which 
the exercise of discretion affords to 
expand its own jurisdiction. And so 
it has placed a host of gadgets under 
the armour of patents—gadgets that 
obviously have had no place in . . . 
advancing scientific knowledge." 


has 


Then Douglas listed a few of the 
patent cases that had come to the na- 
tion's highest court. They involved 
doorknob made of clay rather than 
metal or wood; collars made of parch 
ment rather than paper or linen; a 
metal washer Mond on a wire staple; 
putting rollers on a machine to make 
it moveable; an oval rather than cyl- 
indrical toilet paper roll to facilitate 
tearing off the strips 

Douglas’ final blast: "The patent 
invloved in the present case belongs 
to this list of incredible patents which 
the Patent Office has spawned. The 
fact that a patent as flimsy and as 
spurious as this one has to be brought 
all the way to this court to be declared 
invalid dramatically illustrates how far 
our patent system frequently departs 
from the constitutional standards 
which are supposed to govern.” 
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ELECTROLYTIC 
and GHEMI 


a 


Classes and Types... How Base Metal Affects Se earance and Profective Finishes 
... New Developments and Industry Trends... Examples Showing How Your ucts Will Look 


AND 


A comprehensive chart analysis of all types of organic, inorganic, and specialty finishes 


for metals—including properties, limitations, specification, surface preparation, and uses. 


ELECTRODEPOSITED and chemical finishes electroplates can be used with all base metals, 
are widely used, not only for decorative trim and chemical finishes usually are restricted to 
but for functional purposes as well. There are only one or two. 
four broad classes of such finishes: (1) those The chart following this article lists all the 
used solely for protection against atmospheric basic types of finishes for the major metals— 
or chemical corrosion; (2) those used as a base steel, aluminum, magnesium, copper, tin, lead, 
for other finishes; (3) those used primarily for and zinc; included are many of the proprietary 
appearance ; and (4) those used both for appear- finishes for metals. Since this data is classified 
ance and protection. It is the latter two classes according to base material and types of finish, it 
that are of special interest here. should be of considerable help to the design 
In addition, such finishes break down into six engineer who must specify a finish for his 
basic types, namely electroplated finishes, elec- product. Other finishes can, of course, be added 
trolytic oxide coatings, chemical oxide coatings, to the chart as they develop or as they become 
chemical etched finishes, chemical colored fin- a significant factor. 
ishes, and chemical bright dip finishes. One defect in all charts, however, is that th 
As if this were not confusing enough, the data is greatly condensed, and being so, fails to 
designer is constantly buffeted by claims regard- impart a “feel” of the field, and a knowledge of 
ing proprietory finishes or methods of applica- which finishes are widely used and which are 
tion, by results of consumer preference studies, usually applied only under special circum- 
and by pressure from the sales department, stances. In the field of inorganic finishes, at 
which keeps reminding him of what competition least, this can best be done by considering 
is doing. Then, too, the base metal must be 
considered along with the finish, for not all 
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Brass and steel parts finished by the Electrocoloring pro- 


cess, and chromium plated steel parts finished in a high 


speed plating bath. Note the colors on the piping. 
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ised 


mainly for ap- 
mild 


it can be adapted to automatic, still 
tank, or barrel plating and is less 
critical than the other types. The 
of immersing the 
parts in a solution of sodium zincate 
and which forms a 
thin film of zinc on the surface. As 
this thin film builds up, the reac- 
tion slows and finally stops. For 
best results, the zincate treatment 
conditions must be adapted to the 
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First successfully color-anodized 
the parts immersed. 
structural members, and a wide 


are 


trolled conditions of temperature, 
current density, and time. 

After appropriate surface condi- 
tioning and zinc im- 
mersion layer of the proper type, à 
copper or 


forming a 


brass strike is usually 
applied and is followed by a suit- 
able plate of nickel (0.3 to 1.5 mil) 
and a final plate of chromium (0.01 
to 0.02 mil). This thin chromium 
layer greatly increases the service 
life of the plated finishes and re- 
the effects of 
porosity in the nickel plate while 
improving part appearance. 


duces detrimental 


Following surface pre-treatment, 
a copper or brass preplate is ap- 
plied, and then either a second coat 
of ‘nickel or the final plate. For 
magnesium bearing alloys, a brass 
strike always is used prior to sub- 
nickel or copper plating. 
When plating silver, the final coat 


sequent 


is applied either after two prelimi- 
nary strikes of silver, one copper 
strike, or a copper-nickel preplate, 
and the zinc immersion pre-treat- 
ment is always used if silver is 
plated for electrical conductivity. 
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aluminum die castings. 


Potential 


applications include, among 


Chemical and Electrolytic Oxide 
Finishes for Aluminum 

There are many types of chem- 
ical and electrolytic oxide finishes 
for aluminum, many of which are 
proprietory but some of which are 
not. Also, these finishes break down 
into (1) surface preparation treat- 
ments and (2) final finishes. 

Recent developments for alumi- 
num are an anodizing process for 
die castings developed by the Doeh- 
ler-Jarvis Corporation, and 
(see Notes, 
Trends). 
The Doehler process makes news 


new 
bright dip processes De- 
velopments, and 
because it is the first time that ano- 
dized coatings have been success- 
fully applied to aluminum die cast- 
ing alloys in all colors, light 
pastel shades. Colors ranging from 
light green, orange, and 
silver to dark shades of blue, red, 
and mixed colors can be obtained by 
suitable control of the immersion 
time and of the impurities in the 
casting alloys. At present, the proc- 
ess is limited to some extent by the 
size and weight of the casting, but 


even 


yellows, 


1951 


Doehler Jarvis Corporation 


Color and depth depend on the length of time that 
others, 
range of other die cast parts for business machines and appliances. 


interior trim for automobiles, 


this limitation will probably be im- 
proved as experience is gained with 
the alloys and the anodizing process. 

There is one limiting character- 
istic: some colors tend to fade on 
appreciable sunlight, 
but parts that are not constantly 


exposure to 


exposed, such as interior castings 
for automobiles or housings for 
cameras, are practical applications. 
Doehler engineers 
vinced that the has excel- 
lent potentialities for household ap- 


are also con- 


process 
pliances, costume jewelry and ac- 
cessories, and other equipment. 

the dip 
process for aluminum is concerned, 
Alcoa has offered its R5 bright dip 
to all of its Alumilite process 
Westinghouse and Bat- 
telle Institute patents on 
baths, Alcoa 
these patents. 
that this treatment 
in importance as it 
widely 


In so far as bright 


licensees. 
have 
and is licensed under 
It is to be expected 
will increase 
becomes more 
is limited in 
general to wrought products. 
Other 


aluminum 


known, but it 


chemical 
include 


for 
the 


treatments 


Alrok; 


and 
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NOTES * DEVELOPMENTS 


Electroplates 


There is some difference of opinion in industry as to whether 
со copper plate is desirable as a base coat for nickel and 
chromium when plating on steel. General Motors thinks it is 
Chrysler is of the other opinion, thinks only nickel is necessary 
Committee B-8 of the ASTM is investigating. Preliminary salt 
water corrosion tests indicate equal, if not superior corrosion 
resistance for the nickel-chromium combination 


Buffing is a big cost item when electroplating metals. One 
engineer estimates that on a car bumper it amounts to about 
70 percent of the total finishing cost. So it’s not surprising that 
the biggest interest in the industry today is elimination of buf 
fing — or ot least a reduction in the amount thot hos to be done 
That's the reoson for intense development work now going on, 
ond for the interest in periodic reverse current ploting, leveling 
power of plote, ond bright plating baths 


4 Superimposing alternating current over direct current, or 
pulsing the plating current to obtain a bright plate is not new 


* TRENDS 


—nor is the addition of organic plating compounds to the plating 
both. All have as their objective the refinement of the grain 
structure. None have been too successful 

Engineers at Westinghouse think they have the answer for 
copper plating. It is a combination of PR (periodic reverse 
current) plating and an additive agent known as Wes-X. The 
result is o bright, uniform electroplate. The cycle may consist 
of a 20 second plating period followed by o 10 second current 
reversal, a 5 sec plating period with a one sec reversal, or any 
one of many other combinations, depending on the part being 
plated and the subsequent finish that is to be applied. Since no 
organics are used, the plating both is not difficult to control 
The process is said to eliminate buffing and polishing 


© Several concerns now have a bright nickel bath. Udylite is 
one. Hanson, Van Winkle and Munning; Harshaw Chemical, 
McGean; and Seymour are others. The finish is bright and at 
tractive. One fly in the ointment is that the baths must be 
accurately controlled because of the number of organic addition 
agents that are present and lack of ductility in bright nickel 
coating is a weak spot in the industry today 

In spite of what some engineers believe, it is possible to 
obtain a smoother finish on an electroplate than is on the base 
metal. Investigations of plate leveling power have high priority 


Zincilate, Bonderite, Jirotka, Bauer- 
Vogel, and other treatments, which 
are primarily used as base finishes 
for organic coatings (see chart); 
and the etch treatment 
which is used widely for nameplates 
and decorative items. Most etching 
treatments are 


caustic 


primarily surface 
preparation methods prior to ano- 
dizing, finishing a part by the Alrok 
process, plating, or applying paint 
enamel or lacquer. 

Mild alkaline etches are generally 


used to obtain 


light etching and 


cleaning, while caustic soda solu- 


tions are used to obtain a more 
drastic etch 

Alzak, Alumilite, and Electro- 
bright finishes fall under the cate- 
wory of electrolytic specialties. 


Copper, Brass, and Bronze 
Perhaps the universal finish for 
copper and brass products is me- 
chanical, rather than electrolytic or 
chemical, in nature. A large propor- 
tion of the copper and brass items 
are polished, buffed, brushed, or 
burnished and then given a clear 
coat of lacquer for 
against tarnishing. 
However, electrolytic and chem- 


protection 
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ical finishes also are used to a con- 
siderable extent. Briefly, the story 
on electroplating duplicates that of 
many other metals. 

The finished 
plates are widely used: 

E Nicke l- 
even 


following electro- 
There seems to be an 
greater tendency to plate 
nickel directly over brass than is 
specially 
bright nickel plate. Bright nickel 
also is used as a finish plate on such 
products as kardware and plumbing 
equipment when cost is a factor. 
2. Copper—As the 
tent of brass or 


true of steel base alloys 


copper con- 
bronze decreased, 
and as other metals are added to 
obtain better mechanical proper- 
ties, the necessity for a copper un- 
dercoat, prior to nickel plating, in- 
creases. 

3. Chromium—Any of three types 
of plates can be deposited. First, 
chromium may be plated directly 
over highly polished copper. This 
is usually done when cost is a fac- 
tor and maximum durability is not. 
Secondly, the chromium may be 
deposited over an underplate of 
nickel, and finally, over undercoats 
of both copper and nickel. 

4. Zinc—This metal should never 
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be used as a plate in conjunction 
with copper or brass. It is dissolved 
or absorbed into the copper sur- 
face, even at room temperatures, 
and results in deterioration—not 
protection—of the base metal. 

5. Silver—Either 
trical properties or 
pearance 


better elec- 
improved ap- 
or both—are gained by 
the use of silver as an electroplate 
on copper or brass. 

On brass, general practice is to 
first apply a flash coat of nickel, 
and follow this with the final silver 
plate. Brass plating as an under- 
coat for nickel or 
nickel-chrome, is rapidly becoming 
obsolete. 

6. Gold 
brass generally consists of apply- 
ing a flash coat, and then adding a 
clear coat of lacquer. 

7. Black nickel—Another finish 
for brass, as well as for steel and 
other materials, is the black nickel 
plate. This is deposited over a white 
nickel undercoat to obtain good cor- 
rosion resistance. 

8. Tin—On certain equipment 
for the chemical or food processing 
industries, and for some electrical 
equipment, tin is electroplated over 


silver, or for 


Plating on copper or 


ENciNEERING—F EBRUARY, 1951 





in many finishing plants. One compromise that can be made is 
to use a semi-bright nickel, give it a light buff before chromium 
ploting 


Bright plating of both cadmium and zinc followed by a dip 
im any one of various chromate solutions gives somewhat su- 
perior corrosion resistance and a better appearing part. The 
finish ıs economical, the corrosion resistance is good, and either 
plate protects the base metal preferentially. Television chassis, 
wire goods, and hardware are finished in this manner 


“Electroless” or gas plating is an old dream of engineers 
At one point it seemed on the verge of going places, but it 
proved too expensive. If you have been wondering about its 
present stotus, it is still very much in the development stage 


One enigma facing the engineer specifying an electroplated 
finish for steel has always been the grade of steel to buy. Hot 
rolled steel is cheaper than cold rolled, but it has a surface 
roughness of 15 to 30 mu rms. Cold rolled steel hos a better 
finish. but costs more. Cold rolled Grade No. | has a roughness 
of about 15 to 20 mu rms; grade No. 2 has o roughness of about 
5 mu rms. The cost differential between grades and between 


copper or brass to prevent staining. 


ing a copper plate, oxidizing it to 


grade No. | and hot rolled steel is approximately one to one 
and a half cents per pound. Usually it is worth paying the 
premium between C. R. Grade 2 and hot rolled steel to get 
away from an excessive amount of polishing, especially on sheet 
for a toaster, since the amount of metal involved is small 

But the trend recently in the automotive industry is toward 
polishing in the flat. That is, hot rolled steel is specified. It 
then is polished to about 10 mu rms on large fully automatic 
machines. The cost is less thon one cent per Ib. On a 25 Ib 
automobile bumper, this means a saving of 50 cents or more 


© Chromium plating of stainless steel has made some progress 
of late. The big detriment is the cost — about three times that 
of plated cold rolled steel. Advantage is a plate with superior 
corrosion resistance and lustre that matches other chromium 
plated parts. The thickness of the chromium plate used is from 
0.000001 to 0.000010 inch 


© United Chromium has o new self-regulating high speed beth 
for chromium. One of the leading car manufacturers is suid to 
be taking all they can get. It is said to have a higher plating 
speed, have a wider bright plate range, and to require practi- 
cally no analytical control 


that are not exposed to 


It is not used for decorative plate. 


Other Inorganic Finishes 
for Copper and Brass 


Copper and brass cannot be ano- 
dized by conventional methods. To 
obtain colored surfaces requires 
either a special chemical treatment, 
electrolytic deposits by certain pro- 
prietory treatments, or organic fin- 
ishing. 

Electr 
finish dé 
United Chromium, Inc., is produced 


by an ele 


olor, which is a patented 


veloped some years ago by 


trolytic process carried 
opper sulphite bath; the 
onsists essentially of cop- 
per oxide. All colors produced by 
this method are a function of the 
time of treatment in the bath, and, 
to a certain extend, of the color of 


out in à 


deposit 


the base metal. Color changes are 
from violet to blue, green, yellow 
and red. Applications include mold- 
ing, panels, flashlight cases, clocks, 
and hardware, among other items. 
The coating has to be lacquered to 
prevent marring, and is used pri- 
marily on copper or brass, steel, 
and zinc. 

Bronze coloring is done by apply- 
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get a bronze color, and then scratch 
brushing or otherwise mechanically 
finishing the part to obtain special 
effects. Other colored bronze coat- 
ings are applied by immersion in 
certain chemical solutions; they 
can be applied to any brass alloy 
having a copper content of from 65 
to 95 percent, but cannot be used 
for pure copper. 

There are, of course, hundreds of 
compounds used for chemically col- 
oring copper and brass, such as 
barium sulphite, arsenic trioxide, 
or antimony sulphide. ( Buffing the 
part on a wheel to a high lustre, 
followed by the application of a 
clear coat of lacquer, is also known 
as coloring.) 

And there are proprietory meth- 
ods of coloring copper. One of these 
is Ebonol C, developed by Enthone, 
Inc., for copper and brass. Essen- 
tially it producing a 
cupric oxide film on the part by 
immersing it in a bath held at a 
temperature of about 219 F. Special 
pre-treatment is required in the 
case of brass to dezinc the surface. 
This, as are the other methods, is 
suitable as a final finish for parts 


consists of 
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corrosive conditions, and also as a 
base for subsequent organic fin- 
ishes. 

The remaining class for brass 
and copper is the bright chemical 
dip. The conventional dip is in 
nitric-sulphuric acid, after which 
the parts are lacquered to aid in 
preventing oxidization. There are, 
however, other bright chemical dips 
and precedures for copper and 
brass that are proving satisfactory. 


Tin and Lead 


Not too much has been done on 
finishing tin and lead with 
ganic plates or 


inor- 
coatings, and the 
reason is obvious: they seldom are 
used for structural parts that are 
exposed to the eye, and if so, or- 
ganic finishes are cheaper and 
easier to apply. Especially is that 
true of tin products. 

Lead is perhaps more widely 
used for some items such as hard- 
ware and small novelties, where its 
weight and low cost are advan- 
tageous. When lead is to be plated, 
a satisfactory finish can be ob- 
tained only by proper preparation 
of the metal. Normal mineral acid 
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Finishes on met iC part for ap- 
pliances, television receivers, lighting 
fixtures, and other consumer products. 
Top is an etched and polished stain- 
less steel escutcheon an electric 
stove. Others are etched and polished 
aluminum, anodized aluminum, gold 
plate, and polished brass. 


cleaning baths produce insoluble 
lead salts on the surface, and these 
are difficult to plate over. Fluoboric 
acid, which has been used for the 
past two years, produces only sol- 
uble salts, and pretreatment in this 
compound is satisfactory. 

Following this treatment, lead 
then may be (1) copper plated and 
oxidized to obtain a bronze effect; 
(2) copper-nickel-chromium plated; 
or (3) nickel-chromium plated. 
Other electroplates are seldom, if 
ever, specified. While direct nickel 
can be used over lead, there is 
enough difference in the properties 
of the plate and the base metal 
thermal coefficient of expansion, for 
example—that the bond tends to be 
broken in service; for this reason, 
a preplate of copper usually is jus- 
tified. 


Ferrous Metal Products 

Since the subject of electroplat- 
ing of steel has been so thoroughly 
covered in the technical literature, 
there is not much point in attempt- 
ing to cover the subject in the space 
that is available here. The signifi- 
cant trends are noted on previous 
pages, and the basic electroplates 
are covered in detail in the chart at 
the end of this article. 

Two plates, however, still deserve 
special mention. These are zine and 
cadmium. Both protect the base 
metal preferentially: on damage to 
the plate, the plate deteriorates | 
fore the base metal. 


There is still some confusion in 


design departments as to which to 
specify. Zinc is 5 to 6 times 


cheaper than cadmium. Both can 
be bright plated, so neither has an 
advantage in that respect. Most 


Bright dipped brass forgings and 
stampings, and chromium plated 
plumbing fixtures. Stampings, such 
as the round sprinkler, are sulphuric 
acid dipped, while the forgings ar« 
dipped in a bichromate solution 


s Ma à ng « par 
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exposure 
has 


that zinc 
good or 
better protective value in industrial 
atmospheres. Cadmium flowers or 
grows in poorly ventilated oxidiz- 
ing atmospheres; it is generally 
unsatisfactory for radio-television 
applications. Then why use it? 
There are several reasons. Cad- 
mium frequently stays brighter 
longer. Some platers feel that cad- 
mium is slightly easier to deposit. 
Zinc tends to rot cloth and leather, 
so cadmium must be 
where 
the 
hute, 


tests indicate 
approximately as 


used in 

such 
plated 

safety 


ap- 
materials 

part, as in 
belt, shoulder 
harness, and bomb sling hardware. 
Other reasons listed by R. B. Sai- 
tonstall, technical director of the 
Udylite Corporation are as follows: 

"The contact resistance of zinc 
plated parts may be too high to 
permit the use of zinc for electrical 
contacts and for grounding of 
radio parts for elimination of in- 
terference. Grounding 
such as washers and other electri- 
cal where the increased 
electrical resistance of zine plated 
would be objectionable, 
are permissible uses for cadmium 
if other substitutes tin, 
lead or silver cannot be used. 

Also, when zinc plated, highly 
stressed steel is subjected to tem- 
peratures above 500 F, the steel is 
severely embrittled. “Zine, 
Saboteur of Steel at Elevated Tem- 
peratures”, by Franklin Page, Jr., 
Technical Sessions, American Elec 
troplaters 1943.) The 
parts of aircraft 
engines and other parts which may 


plications 
contact 


para 


contacts, 
contacts 
surfaces 


such as 


(See 


Society, 


fore, external 


be heated to the above temperature 


їп service 


plated.” 


should not be zine 

In addition, cadmium generally is 
conceded to have somewhat better 
protective ability in or near salt 
water. 


Chemical Coatings for 
Ferrous Base Metals 


Chemical coatings for steel, with 


but a few exceptions, are not 


at 
al- 


tractive in appearance. They gen- 


erally are used either as a prepara- 
tory treatment for organic finishes, 
or for parts that are not exposed 
to view. Examples are Parkerizing, 
Bonderizing, Banox, Dulite, Black- 
Magic, Houghto-Black, Ebonol S, 
Thermoil-Granodine, the standard 
FEBRUARY 
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Zine die castings for automotive and 


New Je 


household accessories. Finishes are 


gold and chromium plate. Organic finish is used in conjunction with chromium 
plate on the speedometer housing and horn guard. 


phosphate treatment, and others. 
The phosphate pri- 


marily used as preparatory treat- 


coatings are 
ment for organic finishes while the 
black oxide finishes are used pri- 
marily 
though 


for appearance only, al- 


ferrous articles so coated 
are frequently dipped in rust proof- 
ing and 


inhibiting 


oils, waxes other liquid 
media which 
does impart a small degree of cor- 
rosion the 
treated surfaces without 
the black except perhaps to 


make it somewhat more glossy. 


corrosion 
resistance to oxide 
affecting 


color 
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Oxidized copper 
which are mechanically finished to 


electroplates, 


obtain special effects, are frequently 
When all is said and 
done, however, appearance finishes 
for 


plated or organic in nature 


used for steel. 


steel are essentially electro- 


Magnesium 


In the 
nesium 


plating of 
both difficult 


past, mag- 


been and 


first 


has 


expensive, because there w 
no method of insuring adhesion of 
the and 


plate resulted in 


plate, any defect in the 


| A ti" ens 
elect rol i cor- 
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NOTES x*x DEVELOPMENTS ** TRENDS 


Electrolytic Evaporated and Chemical Coatings 


@ A new acid dip for aluminum, Kovar, and certain brasses 
gives a bright finish without polishing. There are presently 
two patents on the bath, one held by Westinghouse íphos- 
phoric and nitric acid) and another by Battelle Institute 
(phosphoric, nitric and acetic acid). The composition and 
treatment for aluminum are different than those for brass, 
nickel, and other metals. Several finishers are applying an 
anodizing finish after the dip; others are using it alone 

Both processes are satisfactory for a large number of 
wrought alloys, but neither is adaptable to die casting alloys. 


© In at least one General Electric plant, chemically dipped 
finishes are used both for protection and for part identifica- 
tion. Two parts for one product are so similar in design that 
the difference is not readily discernible, yet the one must be 
assembled prior to the other to insure proper functioning 
of the mechanism. Designers prevented confusion by speci- 
fying a refined zincate dip for both, then added a zinc oxide 
treatment for only one. Since the zincate dip gives a grey 


green color, and the oxide treatment changes the color to 
blackish brown, there is no possibility of a mix-up on the 
assembly line 


© Metallic coated plastics are increasing in popularity 
Several methods are used to apply the metal. One is to coat 
the plastic by chemically reducing the metal-silver onto it 
Still another is by evaporation of the metal in a vacuum 
By this latter method, thin coats of aluminum, silver, chromi- 
um, and other metallic finishes are being applied 


@ The trend recently in household appliances and office 
equipment has been toward color — not bold colors, of course, 
but pastel shades. Vacuum cleaners and cabinets have, in 
the past year swung over to some colored organic finishes, 
and both Frigidaire and Westinghouse are using colored 
anodized finishes on aluminum for decorative effects on new 
refrigerator models. If this catches on, look for more empha- 
sis on colored inorganic finishes for all consumer products 


magnesium is high 
in the electromotive series. 
Recently the Dow Chemical Com- 
pany has developed a 
whereby a thin coating of metallic 
zine is first deposited on the base 
metal. The bath used consists of 
about 12 percent tetra-sodium py- 
rophosphate, 4.0 percent zinc sul- 
phate, 0.5 percent potassium carbo- 
nate, and 1.0 percent potassium flu- 
ride. Bath temperature must be held 
between 170 and 180 F, and time 
of immersion is about 5 minutes. 
Then a copper strike, a preplate 
of nickel, and the final electroplate 
is applied—chromium, silver, gold, 
or others. Electroplates applied in 
this way are said to 
up well 


rosion, since 


process 


have stood 
under acceleration corro- 
sion tests, but tests on outdoor ex- 
posure have not yet been completed. 

Chemical treatments for mag- 
nesium are used only to a limited 
extent for decorative appeal, and 
are applied mainly as a base for 
an organic finish or for protection. 
These include the chrome-pickle 
treatment, the dichromate treat- 
ment, the modified dichromate 
treatment, and Manodyzing. Dyeing 
of magnesium can be done by any 
one of several methods. Heating in 
elevated temperature is 
one. However, the protective ability 


water at 
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of the finish is practically nil, and 
such parts are generally used in- 
doors. 


Zinc 
Whenever the subject of finishes 
for zinc arises, the discussion is 
limited to finishes for die castings, 
since practically all structural or 
ornamental zinc parts are die cast. 
In the automotive industry, many 
of the castings are electroplated. 
For ornamental or decorative 
effects, electrolytic oxide or chemi- 
cal finishes are used, as they are 
for undercoats for other finishes. 

A typical sequence of operations 
prior to electroplating consists of: 
(1) degreasing the casting; (2) 
cleaning it electrolytically in a 
suitable alkaline cleaner; (3) dip- 
ping in a sulphuric acid bath to 
remove the alkali; (4) 
applying a copper strike by electro- 
plating the casting 


traces of 


in a cyanide 
bath; and (5) copper plating in a 
concentrated solution. 
Finished electroplates of nickel, 
chromium, silver, gold, bronze and 
other metals can then be applied. 

The important factor in specify- 
ing the finish is the requirement 
for a relatively thick copper plate. 
Copper diffuses into zine and a 
thin plate may be completely ab- 


cvanide 


PRODUCT 


sorbed in a relatively short time. 
Recommended thickness of copper 
are 0.0002 to 0.0003 in. Nickel pre- 
plates on top of the copper of 0.0005 
in generally are required. Other- 
wise, the plating requirements are 
essentially the same as for steel 
and the other metals. 

Applications of electroplated zinc 
parts are practically endless, and 
include not only household and 
automotive parts but industrial 
components as well. 

In the chemical finish classifica- 
tion are numerous finishes for zinc 
(see chart) but most have 
commercially available for 
time. 


been 
some 
However, a list of the con- 
making such 
index of the outstanding 
names in the entire chemical finish- 
ing field. 


cerns finishes is a 


good 
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Design of Pack Plane 


Abstracted from “How XC-120 Pack 
Plane is Engineered” by Irving Stone, 
Aviation Week, November 13, 1950. 
THE DETACHABLE-FUSELAGE XC-120 
Pack Plane opens a vast potential of 
utility in the eld of air transportation, 
both military and commercial. It will 
increase airplane utility by eliminating 
loading and unloading waiting time. 
Packs are cheaper than planes, and a 
number of different packs for various 
purposes can be used with one air- 
plane. Insulated packs could be used 
in Arctic operations. 

In commercial applications, cargo 
could be loaded by manufacturers and 
shipped directly to wholesaler or re- 
tailer, without the usual intermediate 
loading and packing problems. Special 
packs would fit the requirements of 
each industry. 

Pack on the XC-120 has two large 
clamshell doors on front and rear to 
allow cargo passage at either end. Top 
of the pack is flat to match with the 
flat contour of the carrier. Off-center 
positioning of the pack under the car- 
rier is no problem because the cable 
hoists in the latter have swiveling 
sheaves to take care of misalignment. 

There are four lockpoints—orange- 
peel-jaw type—on the underside of 
the carrier's crew nacelle. One jaw 
of the front pair is located just aft of 
pilot’s seat, the other eight feet directly 
opposite, aft of copilot's seat. Rear 
jaws on the crew nacelle are similarly 
located, about twelve feet aft of the 
front fittings, under the rear spar of 
the wing carry-through structure. 

All four lock fittings in the crew 
nacelle are interconnected by a con- 
tinuous chain and cable system to per- 
mit arming, locking and release by a 
manual control lever on the flight deck. 
This control also permits jettisoning 
the pack in flight. 

On the roof of the pack there are 
four ball type fittings (front, 13 in. 
diameter; rear 23 in. diameter) which 
mate with the orange-peel units on 
the crew nacelle. 

All fittings are stainless steel, to 


resist corrosion. Front units will take 
about 25,000 Ib vertical loads; rear 
right fitting, about 50,000 Ib vertical 
load and 25,000 Ib side and fore-and- 
aft loads; rear left fitting carrys ver- 
tical and side loads only. The rear 
fittings are stronger because C.G. of 
the pack is nearer the rear. 

At each orange-peel fitting in the 
crew nacelle is a constant-speed motor 
and hoist arrangement to raise and 


lower the pack. Hoist cables presented 
a difficulty. Round cable could not be 
used because drum size would be too 
large. A flat configuration of 7 by 7 
aircraft steel wire, specially made by 
American Chain & Cable Co., solved 
the problem. Front cables are 14 in. 
wide by 3/16 in. thick, rear are 2 by 
5/16 in. 

The four hoist hooks on the side of 
the pack are hinged and housed be- 
hind small flush-skin doors about five 
feet above the ground. Alongside each 
pack hook is a switch to permit raising 
or lowering of cable. When the pack 
is positioned for hoisting under the 
carrier, an electrical connector extend- 
ing from the roof of the pack is plug- 
ged into a receptacle on the carrier. 
This gives electrical current to the pack 
for the cable switch, lighting, signals, 
and intercom functions from a source 
of external power or from an auxiliary 
power unit in the carrier. 


Gap between pack and crew nacelle 
in locked position is about 2 in. This 


Pack plane is Fairchild’s high utility design combining huge detachable fuselage with 
carrying airplane. Clamshell doors open at front and back of cargo pack. Quadricycle 
landing gear folds back into the nacelle and provides clearance for engine removal on 
ground. Cargo pack makes use of nose wheel impossible. 
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ELECTRO 
CHROMIUM 


ELECTRO 
ZINC 


ELECTRO 
CADMIUM 


ELECTRO 
TIN 


ELECTRO 
COPPER 


ELECTRO 
LEAD 


SPRAYED 
METALS 


FUSION 
METHODS 


DIFFUSION 
COATINGS 


HOT-DIP 
TIN 


HOT-DIP 
ZINC 


HOT-DIP 
LEAD-TIN 


VITREOUS 
ENAMELS 


HOT-DIP 
ALUMINUM 


PHOSPHATE 


ANODIC 


CHROMATE 


OXIDE 


COLORING 


Articles that must be protected from 
corrosion and present bright appear- 
ance: plates on steel, zinc, copper and 
brass, directly or with copper under- 
coat. For hardness and non-tarnish 
service usually has thin chromium 
overlay. Thick layers used on tools 
and shafting for resistance to wear 
and rebuilding over-machined or worn 
parts 


Used for appearance. Gives bright 
finish. Thin decorative plate with 
nickel undercoat used on iron, steel, 
brass and zinc. Prevents fogging of 
nickel. Thicker plates, without under- 
coats, primarily for hardness. Porous 
coats retain lubricant and decrease 
surface friction 


Where corrosion protection rather 
than abrasion resistance is main con- 


sideration. Used over steel, less often 
over gray iron, in conditions of low 
humidity. Pipe, hardware, wire and 


strip are plated. Sheet and larger 
articles are more usually hot-dipped 
galvanized. Can be welded after 
plating 


Used on steel, brass and gray iron 
and other machine parts. Improves 
adhesion as undercoat for zinc. Em- 
ployed in high humidity atmospheres 


can stock 
on piston 


Biggest application on 
Gives anti-friction effect 
rings and bearings. Melting and re- 
flowing gives smooth, thin coat. For 
corrosion protection on steel, brass 
and copper. Production process ap- 
plied to steel strip. Can be soldered 
after plating 


Undercoat on 
steel for 


zinc, aluminum and 
nickel-chromium plating 
Used cn automotive and decorative 
consumer products. Electrocolor fin- 
ishes and oxidized plates are lacquered 
for special color finishes. Seldom used 
as finish coat except on indoor decor- 
ative objects. Used as stop-off in 
selective hardening operations 


Containers for sulphuric acids and 
other corrosive materials where a pure 
lead coating is desirable Small 


amounts of tin can be co-deposited 
to improve spot welding and soldering 
characteristics 


Inexpensive core metals are sprayed 
with desired metal to improve wear 
or corrosion resistance or obtain 
unique properties of coated metal 
Any metal available in wire form can 
be sprayed 


Wear-resistant coatings are applied 
to gray iron and steel by gas or arc 
welding. Particularly applicable if 
heavy coating to resist impact and 
corrosion is necessary. Also used to 
build up worn areas. Alloys furnished 
in rod form. Homogeneous lead coats 
are fused or rubbed on 


An alloy is formed on a metal surface 
between the basis metal and the 
coated metal. Aluminum is alloyed 
into steel and copper for service up 
to 1,000 F. Zinc and chromiuum are 
diffused into steel 


Largest application is coating steel 
sheets to make thin plate used in food 
containers. This has been a continuous 
dip production process. Also used on 
wire and pipe. Copper may be tinned 
to prevent contamination. Also applied 
to aluminum and cast iron. Coat is 
advantageous on parts to be soldered 


Widely used metal coating for steel 
and cast iron. Applied to sheet and 
structures and to fabricated parts 
Especially important for outdoor an- 
plications on large metal areas. Sheets 
can be welded. Widely used on hard- 
ware, valves, pipe, and wire 


Used on 


iron 


steel, cast malleable 
brass and copper. Complete cov- 
erage is d'fficult with pure lead. Tin- 


iron 





lead alloys, usually 20 to 25 percent 
tin, band to steel better. Terne plate 
between 15 and 25 percent tin, used 
to resist acid fumes and industrial 
atmospheric corrosion. Used on hard- 
ware 
ally jray ۴ y 
ed of rga at al, reser 
j gla Fused into base metal a 
perat W tand r 
ve her a and ent tempera- 
hange 
Mainly on cast iron. Enhances resis- 


tance to corrosion and high tempera- 
tures. Used on engine manifolds, oven 
furnace parts, heat reflectors 
and heating element holders. Practi- 
cally eliminates scaling at tempera- 
tures up to 1,650 F 


ners 


Result of action of acid phosphate 
solutions with zinc, iron, steel, tin or 
admium surface to give a corrosion 


resistant coat, to act as a bond for an 
overlay of paint, or to absorb oil and 
ncrease machine part lubricating 
qualities. Three types of coatings, 1 


2, and 3 are employed 


Aluminum, magnesium, and zinc can 
be made the anode Suitable elec- 
trolytes to obtain a stable oxide film 
This film is thicker and more adherent 
than the coating naturally received 
from the atmosphere 


Used on zinc and galvanized surfaces 
to decrease atmospheric and solution 
attack and inhibit formation of corro- 
sion products. Also applied to mag- 
nesium, primarily as paint base. Corro- 
sion protection breaks down at 150 F 


Decorative and inhibitive finish on 
steel, gray iron and stainless steel 
Some applications to copper and brass 
The surface is transformed to the 
oxide of the metal. Subsequent treat- 
ment with oil or wax usually used 
Little dimension change occurs 


Where appearance required 
than corrosion protection. A tremen- 
dous variety of processes are avail- 
able. Results depend on skill of oper- 
ator. Usually done on copper, or brass 
or thin plate of same 


rather 


oy س‎ 


——— — 


Decorative—0.00001 to 0.00002 in 


0.00015 to 0.00030 in 


| 0.0003 to 0.0005 in. on copper base 


f 0.0001 to 0.0003 in 


| 0.005 in 


THICKNESS 


Decorative. 0.0003 to 0.0015 in. on 
steel, 0.0002 to 0.0005 in. on brass 
and copper. Coatings 0.0012 on steel 
equal 0.00010 on zinc and 0.0004 on 
brass for corrosion protection. Thick- 
ness varies with service desired. Hard 
Plates: 0.003 to 0.030 in 


-+ 


thick. Wear resistant—0.001 to 0.005 
in. thick. Special applications (tools), 
up to 0.010 in 


Depends on length of service desired 
Varies from 0.0003 to 0.0005 inches 
Gives good edge coverage and more 
uniform coat than dip. 


depending on 
length of service desired. Thin coats 
used for decorative finishes and in- 
doors applications. 


alloys. 0.0001 to 0.0003 in. indoors 
on steel. 0.00075 to 0010 outdoors, 
industrial atmospheres on steel. Good 
solderability obtained with 0.00015 in 
on sheet for cans. Food handling 
equipment requires 0.0020 to 0.0050 
inch 


for oxidized 
finishes. 0.0001 to 0.0006 in. as 
undercoat for nickel, 0.0002 to 0.0006 
in. in automotive. Minimum is 0.0002 
in. on zinc 


resists mild atmospheric 
corrosion; 0.05 in. protects against 
severe exposure. Thickness of 0.0001 
in. protects steel in salt spray for 
18 to 30 hours 


Any depth required. Usual minimum 
is Vs inch. Thinner coats are too 
porous and can be applied easier by 
other methods 


Hard-facings vary from Ye to 14 іп 
thick depending on service desired 
Thicker coats are usually welded оп 
as inserts. Lead to resist atmospheric 
corrosion varies from 0.005 to 0.05 
inch 


Aluminum diffused to 0.01 in. or less 
Subsequent heat 


treatment may ex- 
tend this 0.025 to 0.40 in 
Normal Dip—0.0005 to 0.0010 in 


Using Rolls—0.00006 to 0.00011 in 
10 to 15 percent of tin is in alloy 
layer 


Depends on service desired. varies 
from 0.0005 to 0.0030 in. on sheet 
pipe, wire and hardware. Thinner 
at edges, thicker at internal corners 


ASTM specifications for coats оп 
hardware vary from 0.00016 to 
0.00053 in., depending on size of 
article. Coats of 0.003 to 0.005 are 
desirable because of wear resistance 


Wide range used. Thin 
chipping best 


coats resist 


Outer coat of 
in. layer of 
beneath 


0.001 in. with 0.001 


iron-aluminum alloy 


1 


1. Thin zinc phosphate coat as paint 
base. 2. Thicker (0.0003 to 0.0005 
in.) zinc or manganese-iron-phosphate 
coat to absorb wax or oil for atmos- 
pheric protection. 3. Thin (0.00004 
to 0.00006 in.) manganese-iron-phos- 
phate coat to absorb lubricants and 
reduce friction 


0.0001 to 0.0002 in. Thicker films 
cannot be applied due to formation 
of barrier layer, impervious to solu- 
tion 


0.0005 mm— Although this varies 
with each process 
Decorative coats are very thin 


(0.00003 to 0.00007 in.) A thicker 
more protective coat may be used on 
gray iron 


Too fragile to take wear 
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ABRASION RESISTANCE 















CORROSION PROTECTION 


















Deposited with dull white to mirror | Deposited in soft, semi-hard and hard | Polishing improves protective value of dull coats. Bright plates from | Mechan 
finish, depending on plating process. | (380 to 500 Vickers) plates. Soft | mnickel-cobalt solutions more corrosion resistant than from Watt's bath. tion, ar 
Dull coats can be buffed to higher | coats work harden without blisters or | Copper underlay better in marine, worse in industrial air than same | for stee 
luster. Thin (0.00001 to 0.00002 in.) | cracks. thickness of nickel. Resists most corrosives except concentrated HCI dip use 
chromium overlay prevents surface and strong oxidizing acids and salts. Passive oxide film (fog) forms in Zinc ba 
dulling | air. Very good resistance to alkalis and, at normal temperatures, to 
| materials containing sulphur. Embrittlement occurs with hot sulphur 
gases. 
| 
I 
—— a —— $e اال‎ 
Decorative: white mirror reproducing Extremely wear resistant on steel Most noble of commercial plates. Corroded by reducing solutions, halo- Thin d 
surface beneath. Base metal instead | (1000 to 1025 Brinell). Low coeffi- | gen acids and sulphuric. No sacrificial protection to steel or copper. Nickel 
of plate polished. Wear resistant — cient of friction and high seize resis- | Thin coat is porous. Nickel undercoat needed. On brass, protection de- thin). | 
Frosty blue white, difficult to polish. | tant. Soft basis (copper) allows brittle | creases with thick coats due to stress relief cracks. Cleaning and pol- cally сі 
in some cases excess of 0.003 in plate to crack, losing effectiveness of | ishing base surface important to get good adhesion and avoid porosity. 30 per 
deposited, ground off to finish dimen- | plate hardness. | Polishing increases corrosion resistance of coat. Good resistance to brittled 
$ion | acids, except hydrochloric, even in presence of oxidizing agent; to about a 
alkalis; and to su!phur compounds. 
———X 9 iip —  —á 4 EE 
Blue satin to white when applied. Not | Softer than chromium nickel and tin. | Has longer service life than steel under most conditions. Attacked by Sandbi 
polished. Exposure turns plate dark | More adherent than lead. Scratches | sulphide gases. Gives galvanic protection to steel at edges, cracks and | hydroc! 
gray. Heavy white corrosion powder | do not materially affect corrosion pro- | pores. Chromate treatments retard formation of white carbonates in air | temper 
may clog machines and threads and | tection. Withstands wear better than | at high temperatures and high humidity. Thicker coats do not give | thin un 
make handling unpleasant. For severe | cadmium. Tends to embrittle high | proportionately better protection. Attacked by most acids, alkalis, sul- 
conditions тау be phosphatised or | strength steels. More adherent and | phur bearing compounds and live steam. Seldom used above 212 F. | 
chromatised and painted. not so brittle as hot-dipped coatings. | Useful in combating corrosion fatique | 
| 
l—————————————— ——————————— ан — — — 
Soft white luster which is not pol- Less resistant to wear than zinc. Gives galvanic protection to iron or steel. Attacked by most acids and Sandbi 
ished. White corrosion products not | Hardened steel fasteners can be | sulphur-bearing compounds. Atmospheric protection less than zinc, but percen 
as adherent or as bulky as with zinc. | plated without hydrogen embrittle- | resists alkalis and salt air better. Corrosion products do not cause room ! 
Oxidizing dips, chromatising or phos- | ment. Used on bolts and screws espe- | freezing of threads. Not suitable for contact with rubber and some tin or 
phatising, followed by paint or lacquer cially synthetic resins unless chromatised. Not as good as zinc for industrial 
gives greater passivity atmospheres. Wire brushing final coat decreases porosity 
— 4— — — ———————————————————————————————————————————————— — -— 
Frosty white as plated. Can be heated | Very poor. Good adherence to base is Corroded by most acids, alkalis and sulphur bearing compounds and in | Clean 
to roll or flow to luster. Oxidation in | problem. Particles imbed easily in coat marine atmospheres. Not used above 400 F. Is porous although melting by aci 
air gives yellow surface stain. Black- | giving good bearing qualities. Natural | and reflowing helps. Porosity of electrolytic coat equal to hot-dipped cyanid 
ening is caused by corrosion of basis | porosity holds lubricants. Plate is eas- coat twice as thick. Enamel coats required to give complete protection inary : 


steel. No bright processes have been 
developed. Semi-bright plate results 
from high current densities. Paint and 
lacquer give further protection. 


Pink, turns green-black with corro- 
sion. Polishes to high luster. Corrosion 
products are unsightly 


Protective oxide 
Surface. Scratches 


Naturally dull metal 
film forms on 
rapidly 


Depends on type of metal sprayed 


— —— 


Smooth surface characteristic of a 
good weld 


Surface texture and appearance are 
changed only to resemble the alloy 
formed. The coating is continuous and 
non-porous 








D white surface after normal dip 
Rolled plates have a characteristic tin 
Surface oxidation under elec- 

rc olution attack leaves yellow 
tains. Black spots come from oxida 
yn at weak points in surface coat 





Blue satin to white as applied. Not 
polished, Exposure turns coating dark 
gray. Heavy white corrosion products 
may clog machines and threads and 
make handling unpleasant. Surface 
then may be phosphate or chromate 
treated and painted. Acid etch or 
weathering prepares surface for 
painting directly 


Dulls quickly in air. Easiest metal sur- 
face to paint and shows no signs of 


paint weathering after 2 years of 
exposure 
Finishes range from high gloss to 


matte in almost any color, depending 
on composition. Can be used at high 
temperatures without cracking or dis- 
coloring 


Characteristic white aluminum color 
which dulls quickly due to formaticn 
of oxide film. No further finish re- 
quired on high-temperature applica- 
tions. For corrosion resistance, may 
be anodized or chromate dipped 


A dense highly absorbent surface 
Dull, crystalline finish. Is probably the 
most common base for paint 


Wide variety of colors obtained. Col- 
oring of films is easy; matching colors 
requires skill. Final color depends on 
alloy used. One pure aluminum coating 
is glassy and transparent. Often coat- 
ing can be treated and dyed 


On zinc yellow, golden, iridescent olive 
green, or clear finish, depending on 
processes. Paint or baked enamel can 
be added. Relatively porous film on 
magnesium provides base for paint 


Attractive, dull, dense black. Lighter 
gray on nickel and chromium alloy 
steels. Forms good base for paint 
Clean steel, heated in air, can be 
temper colored to yellow bronze or 
blue, depending on temperatures 


Almost any color can be obtained 
Most coats must be protected by a 
colorless lacquer or wax. Sulphide 
coats are affected by atmosphere 
Eiectrocolor" articles must be pro- 
tected from abrasion 


ily scratched, accelerating corrosion 


Too soft for finish coat. Buffs easily 


—- 








on food containers 
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Quickly corroded by sea and sulphide air. Rarely used as outer coating. | Sandbi 
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and is used as undercoat for bright Colored and clear lacquers may be used over it for protection buffed 
nickel. Heavy deposits (.0002 to .0006 
in.) provide base for bright nickel over 
unpolished steel. 
Very soft, with low coefficient of Superior to any other common metal against acid fumes and corrosive Surfac 
friction. Cracks and pores filled by liquids, (especially sulphuric and hydrochloric acids). Good resistance and pi 
metal flow from service friction. Buff- | to sulphur compounds. Attacked by many alkalis. Does not offer cathod- be sho 
ing improves corrosion resistance. ic protection to iron at pores, as zinc does. Rust forming at pinholes final p 
does not spread under coat, however. Surfaces can be bent without ough ı 
causing breaks. Less porous than sprayed or dipped coats. 
Depends on metal used. Coat is porous Depends on metal used. Porosity necessitates heavier coating to resist Three 
and has reduced tensile and impact penetration of corrosive fluids, than is used with electroplates or dipped is mec 
strength, especially to point contact coatings over t 
Not used to build up sharp edges. Molyb 
Pores hold some lubricant in bearing metal 
and shaft applications 
aa ———— —— —— ——— — 
Depends upon metal coat. Non-ferr ;us Depends on alloy used. Stellite alloys are valuable for corrosion and Surfac 
alloys of chromium, cobalt, tungsten abrasion resistance at high temperatures. Not usually applied primarily thicke 
and nickel, holding carbides in matrix for corrosion resistance. Large areas tend to be expensive to cover of low 
are extremely hard. Diamond substi- Lead is exception; fusion method is most common method of lead coat- used 
tutes (Tungsten, tantulum and titan- ing, and low temperatures involved and softness of metal are advan- 
ium carbides and borides of chrom- tages. Coats have less porosity than dipped, electrodeposited or sprayed 
ium), offer maximum wear resistance coats 
The same as properties of alloy The same as those of alloy formed. Steel dipped into aluminum resists Surfac 
formed. No outstanding uses for wear | Scaling up to 1,000 F and resists sulphur dioxide. Contact with iron used 
resistance oxide must be avoided. Aluminum content of 9 percent in outer layer is ishing 
minimum in steel for oxidation resistance. Aluminum is diffused into 
bronze for condenser tubes. Zinc diffused steel has about the same cor- 
rosion resistance as hot-dip galvanized steel 
Not notable. Porous surface holds lub- Chromium diffused steel resembles standard chromium-steel alloys. Steel 
ricants and bearings are sometimes Attacked by most acids, alkalis and sulphur bearing compounds. Cor- in3t 
tinned by hot dipping roded by outdoor marine atmospheres. Cathodic to iron. Extremely is me 
porous. Attack occurs by pitting. Corrosion by non-oxidizing acids, chlori 
salts and alkalis is accelerated in air. Presence of stannous ions, rite s 
resulting from tin attack, inhibits further corrosion. Food container cavitit 
Surfaces may be enameled for complete protection oxide 
Soft coat, harder than dipped lead Attacked by steam and most acids, alkalis and sulphur compounds. Lit- Mech; 
Scratches do not materially effect tle used above 212 F. Has longer service life than steel under most acid ‹ 
corrosion protection. More brittle than conditions. Attacked by sulphide gases. Gives galvanic protection to to 181 
electroplated tin due to alloy layer steel at edges, cracks and pores. Chromate treatments retard formation 
of white carbonates in air at high temperatures and humidities. Thicker 
coatings do not give proportionately better protection. Antimony in tin 
accelerates attack 
Pure lead does not bond well to steel Attacked by most acids and alkalis. Becomes passive in sulphuric acid. Surfa 
due to a lack of intermetallic com- Good resistance to sulphur compounds. Tends to surpass zinc in indus- phuric 
pounds. Tin alloys with both and trial atmospheres and in acid fumes. Coats must be thicker, however, fused 
greatly strengthens adherence. Coat is due to lead porosity. Higher percentages of tin reduce protection. Zinc with 
soft, and abrasive or erosion applica- may be beneficial for atmospheric exposure. Alloys decrease resistance desirz 
tions are impractical in sulphurous atmospheres and sulphuric acid, however sheet 
Hardest and most durable non-metal Gives almost complete chemical and corrosion resistance. Some resist Sand 
coating. About 6 Mohs’ scale. Tensile all acids except hydrofluoric. Resistance to alkalis is not quite as Cher 
strength is 42,000 to 64000 psi good. Special properties depend on ingredients 
Tends to chip on sharp impact 
Not used as wear resistant coat. Alu- Good resistance to oxidation in air and to concentrated nitric acid Surfa 
minum-iron alloy formed between coat Theoretically should give cathodic protection to iron. Low-activity is rer 
and base gives excellent adherence aluminum oxide film makes protection less effective, however, unless salts 
coat is continuous ducti 
fused 
Coating is thin and non-metallic When used as undercoat, life of paint is increased. Corrosion islands No s 
Cannot take appreciable wear. Oil im- around scratches are localized and paint is held in intimate contact sand 
pregnated coat prevents seizing of with metal. Used alone for atmospheric rather than chemical solution 
parts during machine break-in protections 
Very hard. Patented processes used on Better than natural oxide films because of added thickness. Stable in Surf 
aluminum primarily to give extra wear air and weak acids. Attacked by strong acids and alkaline solutions basi: 
resistance Protective treatments (hot water) seal film for even greater protection espe 
Not outstanding on magnesium. How- Decidedly increases stability of zinc. Widely used over thin zinc coat Mec 
ever it is used on zinc machine parts on steal stampings. Performance on magnesium alloys varies with Gre 
where zinc corrosion products might process used when impurities (iron) are present in base metal. Purer 
hamper mechanisms alloys are not similarly affected. Not used on magnesium when in con- 
tact with corrosive halides or less noble metals 
| " 4 - » a ———— dia 
Good if periodically waxed or oiled to Attacked by acids. Bare coat is too porous to be satisfactory. Perform- Surf; 
Cover pores. Applied on tappets and ance helped greatly by oil, wax or paint overlay. For bare coat 1/2 hour Scale 
piston rings for internal combustion for oi! coat 2 hours is standard for salt spray test. Steel exhibits pit | and; 
engines type attack. Corners are not covered as well as with electro plate. Not perce 
as protective as phosphate coatings in marine conditions some 
— —— — $$$ $j 
Very fragile. Must be protected by | Aimost none. Coatings are extremely thin. Never used in exposed loca- Sule 
overlays tions. Sulphides deteriorate in air. "Electrocolor" articles are more clea 
stable. finis 





IR METAL PRODUCTS 







SURFACE PREPARATION 





Mechanically clean, degrease, electro-clean in alkali solu- 








Typical dull plating solution contains single nickel salts, nickel chloride and boric 





























| | 
I 
path. tion, and electro-ciean in 25 to 30 percent sulphuric acid | acid. Dull, soft plate deposits at 120 to 160 F. Bright plates on polished base | 
same | for steel base. Pickle in 25 percent HCI followed by cyanide | surfaces require patented “brighteners” in Watt's baths or nickel-cobalt solu- | 
HCI dip used as alternate. Base metal polished for bright plate. | tions. High solution pH, higher current density, and lower temperature give | 
ns in Zinc base metal must have copper pre-coat. | harder plates. | 
s, to i 
phur | | 
{ 
| 
| 
ا‎ —- м — 9 
ialo- | Thin decorative plate reproduces base surface exactly. Solution contains chromic acid and acid radical in 100 to 1 ratio, at 105 F. 
pper. | Nickel undercoat is polished; chromium overlay is not (too Bath requires close control of temperature and CrO, to SO, ratio. Bath is highly | 
ı de- thin). For thick deposits on steel, base metal is mechani- oxidizing and removes surface impurities. | 
pol- cally cleaned, degreased in alkali and anodically etched in | 
sity. 30 percent sulphuric acid. High carbon steel may be em- | 
е to brittied. Effect is removed by heating to 300 to 500 F for 
t; to about an hour. | 
a - —— өй i — ———— 
'd by | Sandblast and alkali clean followed by pickle in 10 to 15 Cyanide bath of zinc cyanide, sodium cyanide, and sodium hydroxide operated | 
> апі | hydrochloric or 5 to 10 percent sulphuric acid at room hot or cold. Addition of brightening agents and purer anodes and electrolyte | 
in air temperature and 145 F respectively. Gray iron may require give bright plate. Acid baths used for plating wire strip and pipe but do not 
give thin undercoat of tin or cadmium. efficiently cover irregular shapes. Solution of zinc sulphate, ammonium chloride 
, Sul- | ammon.um sulphate, sodium acetate, licorice and corn syrup operated at 75 to 
12 F. | 120 F. Fluoborate solutions of zinc fluoborate, ammonium chloride, ammonium | 
fluoborate, licorice and syrup plate fine-grained coats rapidly at 80 to 100 F 
| 
ل‎ —————_—_——— ч } /—————————— — 4 
} and |  Sandblast and alkali clean, followed by pickle in 10 to 15 Mostly plated from cyanide baths with cadmium oxide and sodium cyanide at 
but percent hydrochloric or 5 to 10 percent sulphuric acid at 70 to 95 F. Brightener and semi-brightener may be used. Solutions must have 
-ause room temperature and 145 F respectively. May take thin close control for good quality and uniform thickness. As cadmium fluoborate 
some tin or tin-lead undercoat becomes available, fluoborate plating is being used more. Plating is rapid and 
strial easy to control. Operates at 70 to 100 F. in cadmium fluoborate, ammonium 
fiuoborate, licorice and equivalent metal cadmium bath 
— + ——— ا‎ > ————— — - иш = —À — - - + 
ndin | Clean mechanically, then alkali or electro-clean, followed | Tin sulphate in sulphuric acid baths at room temperature gives white plate 
elting by acid pickle or anodic etch. Cleaning strike in copper Adherence is sometimes poor. Sodium stannate in 140 to 150 F alkali solutions 
lipped cyanide bath sometimes used. Cast iron requires prelim- gives a slower, more adherent coat. Alkaline potassium stannate baths give 
ection inary strike in alkaline stannate bath or copper undercoat. higher plating speeds. Stannous fluoborate baths are very rapid and give smooth 
white plates especially adaptable to soldering. The acid bath is used on cast iron 
= — . - . i ———— m — — = = — 
ating Sandblasting or tumbling followed by acid dip. Surface is Solutions of copper and sodium or potassium cyanide with sodium carbonate, at 
buffed for bright plate. 75-100 Fare used with various brighteners as a strike prior to further plating 
Rochelle salt may be added for better coverage and smoothness. Acid solutions 
(copper sulphate in sulphuric acid at 70 to 122 F) plat at high speed for thicker 
coats. The electrolyte is corrosive. Mildly alkaline solutions (copper sulphate in 
ammonia water at 130 to 150 F) are slower but less corrosive for finish plating 
Mildly alkaline pyro-phosphate bath gives smooth, dense plate that is easy to 
polish. Copper fluoborate solutions are easy to control, fast and give an easy-to- 
polish deposit 
тоѕіме Surface is sandblasted or tumbied, alkaline electro-cleaned Carbonate of lead in fluoboric acid and animal glue at 77 to 105 F is most com- 
stance and pickled in sulphuric or hydrochloric acid. Pickle should mon solution. Lead fluosilicate in same solution cuts costs but gives poorer 
ithod- be short. A strike of cyanide copper is sometimes used as a deposits; 0.00002 in. copper undercoat required in fluorosilicate bath. Lead-tin 
nholes final preparation. Sulphuric acid must be removed by thor- alloys deposited from mixed fluoborate solutions at 80 to 100 F 
ithout ough rinsing 
resist Three methods of surface preparation are used: 1—Surface Metal in wire or powdered form is fed through oxygen-gas flame and sprayed by 
dipped is mechanically roughened. 2—Nickel electrodes are stroked compressed air onto surface in molten drops. Coat may be shot-blasted to in- 
over the surface to give a rough, shallow undercoat. 3— crease density. Aluminum may be reheated to alloy with base metal 
Molybdenum is sprayed on, actually welding to the base 
metal 
n and Surface must be cleaned of oil, rust and dirt. If hard coats Arc welding is cheap and rapid but exposes basis metal to steep thermal stresses 
marily thicker than ¥ in. are needed to build up areas, undercoats Gas welding also gives smooth coats and can be used for thinner layers. Diamond 
cover of low carbon steel or metal similar to the basis should be substitutes are furnished as inserts to be welded in place, as carbide particles 
| coat- used. Gray iron may be pre-heated for hard coats in a steel tube (60 percent carbide, 40 percent steel), or as a composite rod with 
advan- carbide particles embedded in a fusible alloy. Lead is poured on and spread 
prayed with wire brushes 
resists Surface cleaning is not critical. Standard acid pickle is Surface is heated in powdered metal, an atmosphere of volatilized metal or its 
h iron used. Since appearance is not the big factor, no after pol- salts or in a fused bath of metal salts. The coat diffuses into the base metal 
ayer is ishing is used Aluminum is put on at 1,830 F in a protective atmosphere of hydrogen. Chromium 
d into is diffused at 2,370 to 2,550 F, also in hydrogen. Coatings have 10 to 30 percent 
ve cor- chromium. Zinc is diffused at 660 to 700 F. Iron and steel dipped in molten 
aluminum receive what is essentially a diffusion coat 
alloys. Steel and copper are sandblasted, degreased and pickled Steel sheet passes through molten zinc chioride bath, then into molten tin bath 
Cor- in 3 to 6 percent sulphuric acid. For adherent coatings, iron 307 to 343 C entering, 252 to 288 C leaving), then passes between rollers in 
remely is mechanically cleaned and dipped in fused nitrate or palm oil bath to remove excess tin and smooth coat. Molten tin may also be 
acids, chloride salts to oxidize out graphite flakes and leave fer- poured on surface and spread with wire brushes. Copper and steel are hand- 
s ions, rite surface adapted to tinning. Molten metal runs into tinned by dipping in zinc chloride solution, and then in molten tin at 260 C. Two 
ntainer cavities. Ultrasonic generators can be used to break down bath processes (first at 280 C, second at 245 to 250 C) gives inner alloy layer 
oxide coating to prepare aluminum for hot-tinning outer coat of pure tin. Cast iron is dipped in zinc ammonium chloride solution and 
tinned by two bath process. 
is. Lit- Mechanically cleaned and pickled in dilute hydrochloric Fluxed in fused ammonium chloride or ammonium chloride-zinc chloride mixture 
r most acid or mixture of hydrochloric and sulphuric acids at 140 then dipped in molten zinc at 840 F. Castings may be quenched in water to 
tion to to 180 F improve luster. Addition of aluminum to bath lowers brittleness of coat. Anti- 
‘mation mony in bath cannot exceed 0.03 percent. Part then annealed to improve flexi- 
Thicker bility 
y in tin 
ic acid. Surface is mechanically cleaned and pickled in dilute sul- Articles are dipped in mixture of molten metals, then quenched in oil and some- 
| indus- phuric or hydrochloric acid. Decarburizing treatment with times wiped to insure even coat 
owever, fused nitrate salts or immersion in molten oxidizing salts 
n. Zinc with reversing currents to oxidize out surface graphite is 
sistance desirable. Special fluxes used for hot- and cold-rolled steel 
sheet, malleable iron, brass and copper 
e resist Sand-blasting or shot-blasting prepare casting for enamel Material may be dusted onto casting or dipped on. Wet orocess used on small 
vite as Chemical surface cleaning is unnecessary castings. Castings are fired at 1,200 to 1,600 F to set enamel. Decorative 
patterns can be applied over or with coating 
ic acid Surface is mechanically cleaned and acid pickled. Graphite Casting is dipped in proprietary flux at 750 to 825 F, then immersed in molten 
activity is removed from surface by immersion in catalyzed molten aluminum at 1,250 to 1,300 F 
, unless salts at 820 to 950 F with a sequence of oxidation and re- 
duction cycles by reversing currents, or by immersion in 
fused chloride or nitrate salts at 300 to 400 F 
islands No special preparations necessary. Surface is machined or Process for three classes of coats are: 1. Zinc phosphate solution is sorayed or 
contact sandblasted and freed of incidental grease in alkali solution dipped on. 2. Surface is dipped (30 to 60 min.) in zinc or manganese phosphate 
solution solutions. 3. Short dip (5 min.) in manganese-iron-phosphate solution. Phos- 
phating solutions are proprietary. Operations are conducted at 180 to 210 F 
$ — и 
table in Surface is degreased. Polishing is not necessary although Chromic acid is not suitable for aluminum alloys of more than 5 percent copper 
olutions basis metal or anodized surface may be buffed to luster Sulphuric acid process used here. Thin films formed in chromic acid solutions 
ytection especially on colored coatings at 95 F; time, 30 min. Thicker, more porous films formed on immersion in 15 to 
25 percent sulphuric acid baths at 60 to 80 F. Thin impervious coatings result 
from solutions of boric acid and borates 
inc coat Mechanical polishing may be used on parts not machined Dipped in either chromic acid or dichromate salt solutions at from 70 to 110 F 
es with Grease solvent-alkaline cleaners or pickling are used with or without acid or alkalis added. Dimensional changes up to 0.0006 in. are 
. Purer possible with some processes. Solution concentrati^^ and temperature are not 
! ia con- critical 
4 - ————— - -- ا‎ - —- 
Perform- | Surface is degreased and acid pickled to remove rust and Decorative blacks applied on steel by immersion in molten sodium nitrate for 
1/2 hour, scale. Mechanical polishing not used. Gray iron, stainless several minutes at 700 to 800 F, or in nitrate-alkali solutions at 285 to 300 F 
'ibits pit and alloy steels are not treated Preliminary dip in 5 to 10 Stainless steel is dipped in molten sodium dichromate for 20 to 30 minutes at 
ate. Not | percent hydrofluoric acid allows coating to be applied in 730 to 750 F. Copper is processed by heating in air. Steel is heated in air or 
some cases molten lead or sait to 410 F (yellow) uo to 610 F (dark blue) for temper colors 
Thick coats applied to gray iron by steam at 1,100 F 
SN — ———— — س س س س‎ — — d—-——— E€—s———H———sá— À—"H——nÍ—À—X" = - 
ed loca- Sulphides are applied on overlay of copper. Surface is Copper is dipped in ammonium, potassium or sodium sulphide or polysulphide 
ire more cleaned. No polishing is necessary. As noted, all color | solutions for a range of browns and grays. Temperatures, times and concentra- 
finishes must be lacquered. | tions vary widely. Acetate, sulphate, chlorate and nitrate solutions give blue 
| greens and yellows on cooper and brass. Silver is grayed by polysulphide solutions 
| Steel gun barrels are browned in complex salt solutions 
альна 5 4 ahd bulls 
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Most important plating metal. Use of preplated strip gives more uniform coat 
and lower finishing costs than plating finished articles, but use is restricted by 
light coating thicknesses. Advantage of copper undercoat on steel is debatabie 
ASTM-AES now investigating. Chemical considerations require copper undercoat 
on zinc. Trend is toward heavier decorative coats 


Recent decorative overlays are thicker Alloy steels and nickel plates of compar- 
able performance make chromium plate uneconomical for most high temperature 
and chemical process equipment. Thick plates being used more on rolls, tools and 
liners. A porous plate (no base surface polish) plus special treatment of the 
deposit retains lubricants in cylinders. New electrolytic zinc-chromate processes 
are competitive in refrigerator and appliance field. May be used in contact with 
rubber. Thick coats are put on by hot dip process. 


Thick coats are put on by hot dip process. This covers plates and large objects 
Electroplated zinc is confined to intricate parts, wire, strip and pipe. Alternate 
coats of zinc and nickel can be sintered to a diffused, corrosion resistant coating 
Proprietary bright dips produce high luster finish with good rust and stain 
resistance. Used on consumer articles 


Electrolytic process used almost exclusively. Competes with zinc. Ahead in con- 
sumer products on appearance angle. Satisfactory for screw threads and small 
machine parts. . Bright dips, passifying dips and paints used for further finishing 


Not as corrosion resistant in genc.al as zinc or cadmium coatings 
used on cast iron to prepare for zinc plate 


Flash coat 


Most widely applied as undercoat. Copper-nickel-chromium vs nickel-chromium 
controversy is yet to be decided. They seem almost equal in price and perform- 
ance. Copper may help in salt air, hinder in rural atmospheres. Zinc is almost 
invariably copper-flashed before nickel, however, due to corrosive action of nickel 
bath. Addition of zinc cyanide to cyanide solution plates brass or bronze depend- 
ing on bath compositions. Coats 0.0003 in. thick on steel improve bond to rubber 


Provides excellent base for paint. Does not give as good atmospheric protection 
as iinc and cadmium, except in sulphurous air. Less porous than hot-dipped 
lead coats. An almost pure lead coat can be deposited. (See hot-dip lead) 
Co-deposition of lead and tin from fluoborate bath gives finer-grained deposit 
than either metal alone 


Large surfaces, such as tanks and process rollers are cheaper to spray than fabri- 
cate solid, in many cases. Process is still new. Development work tends toward 
new applications and parts fabrication rather than re-building and maintenance 
uses 


Success of hard facing depends on skiil of operator. Four classes of hard alloys 
9 дер у 


are used: 1. Ferrous base, less than 20 percent alloying elements. Wear resist- 
ance is sacrificed for toughness. 2. Ferrous base, 20 percent alloying elements 
Harder than class 1. 3. Non-ferrous alloys to give corrosion resistance as well 


as hardness. 4. Diamond substitutes for extreme wear resistance 
cation of lead stands alone among soft metals 


Fusion appli- 





High temperatures used in processes limit basis metals that can be used. The 
size of obiect to be treated is limited. Germans developed diffusion process 
using iron-aluminum powder, 60 percent aluminum, and applied chromium dif- 
fusion in valves and heater tubes. Aluminum diffusion coatings are important 
because solid aluminum-steel alloys are brittle. Chromium diffusion has no sim- 


ilar advantage. Zinc diffusion gives a more uniform coat than the hot dip process 
with no tendency to fill threads and small holes 


Sprayed and diffusion tin are easier to handle for thicker coats 
and give better corrosion protection. Tin-iron corrosion couple very complicated 
Much data on action with various food stuffs is available. Overlay of enamel to 
close tin pores be.ng used more. Especially under enamel, alloy elements in steel 


Use is declining 


basis affect performance. Silicone causes brittleness. Phosphorus and copper 
accelerate corrosion. Effect various with contact media 
Dip method known as ‘galvanizing Corrosion protection depends on thickness 


with slight variations due to method of zinc disposition (dip, spray, electro-plate) 
Hot-dip somewhat less porous and resistant to attack. Adherence is good, cost 
s low, galvanized containers are easily made watertight, and heavy layers can 


be applied. Coats tend to be uneven 


Lead-tin alloys contain 15 to 25 percent tin 
with small amounts of antimony 


Other alloys are 2.5 percent tin 
silver or zinc added to lead to increase fluidity 
yf molten metal without decreasing flexibility of coating. There is limited appli- 
n to steel and cast iron because: 1. Lead-iron adherence is poor. 2. Wear 
poor. 3. Corrosion products are unsightly. 4. Lead is cathodic to 
elerates corrosion at p nholes 


at 





resistance is 


ron and ac 


Thin coat 


but give better 


are remarkably strong and ductile. Thicker coats are less adaptable 
hemical insulation. Biggest use is on gray iron castings. Enamel 
chosen with physical properties to withstand thermal shock on metal 


ped interest in hot-dip aluminum coatings 
may facilitate production of 


aluminum 


ast iror 


Consists of layer of basis metal phosphate 
Used or steel and cast 
becoming progressively 
phosphate coat 


consumer products 


rystals covered by zinc or manganese 
The relatively thin, lubricant absorbent 

nportant. Recent low-cost, dense 
little surface preparation. Used 
machine parts 


shosphate ron 


ating nore 
ride 


autom 


cent iror requires эп 


otive and and 


Thicker coats are being used on aluminum. Finishing processes with nickel or 
cobalt acetate, or hot water Ai,0, H.0) seal pores and prevent 
attack. 0115, waxes, resins and chromates are also used. Abrasion resistance 
applications seem to be in the making for aluminum and magnesium with new 
post-anodizing treatments 


form 


to 


Some proprietary compounds are secret. Zinc is not usually treated for struc- 
tural applications. Big use in process industries and on consumers goods. Main 
use on magnesium is to provide base for paint 


Steel or ircn surface is transformed to Fe,0, to inhibit formation of rust Fe,0, 
Coating is primarily used for decoration rather than corrosion or abrasion resist- 
ance. Blackening process for stainless steel is patented. Reproduces profile of 
basis metal 


0 finishes and have practically no industrial 
Consumer goods processed to some extent 


applications 





are expensive 
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is sealed by inflating a tubular deicer 
type boot on top of pack by an air 
pump located at the rear clamshell 
Locking mechanism for ball and 
orange-peel fittings is simple: The 
lock handle on the flight deck is placed 
in the armed open position. As the 
ball fitting comes up and contacts the 
top of orange-peel jaw, it rotates the 
segments of the latter around 
clamp the segments over the ball and 
also roller on top of each 
segment to push out of a detent on 
the bottom of a spring-loaded plunger 
This causes the plunger to drop, 
carrying a roller attached to it drawn 
to the track of a surrounding cylindrical 
cam (armed locked position). The 
control handle is then thrown to the 
locked position, the cam housing 
sprocket being rotated by chain, so 
that the cam roller (on the plunger) 
placed in the close-fitting end 


the cam track in a secure position 


pivots to 


causes a 


Cascades at Elbows 
Reduce Flow Losses 
From “The Use of Cascades at Sharp 
Elbows in Water Pipes,” by A. M. Binnie 


and D. P. Harris, The Engineer (British), 
Sept. 1, 1950. 


SPACE CAN OFTEN BE SAVED in the 
lay-out of water piping if the 90 deg 


ends are replacec эу sharp CIDOWS 
bend laced by sharp ell 


each containing a cascade of thin, 


turn 


Fig. 1—Cascade “ 


Cascade "B" 


head in a 
6-1n found to be about 
seven times that in an easy bend. The 
insertion of a primitive cascade into 
the elbow reduced the ratio to about 
two, and from this two simple designs 
(Figs. 1 and 2) were evolved, in 
which the loss was only slightly greater 
than in the bend. From both the uni- 
formity of the emergent stream was 
satisfactory. 

Water admitted from the lab 
oratory 12-in. main through the isolat 
ing valve to a straight length where 
the inlet disturbances could die down. 
Thence it passed to the test section 
in which could be inserted either an 
easy bend sharp 90 deg elbow. 
A second steadying length led to an 
orifice plate, a valve and a 
tailpiece which terminated below the 
surface of the water in the laboratory 
sump. 


loss ot 


The 


LER 


ing vanes 
elbow 


Was 


control 


The pressure drops were measured 
at various velocities and plotted on a 
base of (mean velocity)* in the man- 
ner of Fig. 3 which shows the results 
of a typical cascade test. The points 
form a nearly straight line, from th 
slope of which the value of é, the 
ratio of the lost head the velocity 
head, was calculated. Its value here 
was 0.283, the in the pipe 
from 30 to 24 ft of water 

the veloc ity was increased from zero 
to 10 ft/sec 


pre ssure 
у агу ing y 


The same procedure was employed 
in the tests of the plain elbow. The 
pressure drops were measured between 
one pair of sections close to the elbow 
and another pair bracketing it more 
widely, yielding the values 1.695 and 
2.00 for &. These figures confirm the 
well-known occurrence of recovery of 
which is due to the steadying 
effect of the downstream leg of the 
elbow upon the very uneven velocity 
distribution in the immediate neigh 
bourhood of the welded joint. With 
the diaphragms in position, the values 
of & were 1.750 and 1.896. All these 
results, expressed in comparative form, 
are shown in Fig. 4 

Cascade A (Fig. 1) consists of ten 
vanes, which, except for two at the 
inner corners, are equally- m cir- 
cular arcs of the same radius. The 
test observations for the loss with the 
flow unrestricted are shown in Fig. 5, 
from which it was calculated that 4 

0.313; with the diaphragms in 
position & was 0.292. In cascade B 
(Fig. 2) there are fewer vanes but 
their spacing is less regular and they 
are of somewhat more complicated 
form, all except one possessing a 
straight overhanging length of 0.3 in. 
at the trailing edge. For the 


pre ssure, 
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Fig. Test of Cascade *A" 


values of £, 
above, 


corresponding to those 
0.308 and 0.305. Thus, 
very little to choose between 
the two because in both the loss was 
only very slightly greater than in the 
bend. In neither could any trace of 
cavitation be detected 

Two windows were then put into 
opposite sides of the pipe immediately 
below the elbow, and a horizontal rod, 
to which cotton threads were attached, 
was inserted along a diameter 24 in. 
below the inner corner of the elbow. 
With no cascade in place, the motion 
was seen to be widely erratic at a 
velocity as low as one ft/sec. Beneath 
the inner corner the flow had an up- 
stream component, suggesting the for- 
mation of an irregular vortex rotating 
In marked 
contrast the two cascades, which car- 
ried threads at the trailing edges, pro- 
duced an emergent stream which was 


were 
there is 
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restricted. by 
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Flow 
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Fig. 4—Losses in various arrangements ex- 
pressed in comparative form. Loss = 1 
for 1 in. bend with flow unrestricted. 
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steady and parallel over the full range 
of velocity. No cavitation was observed 
either in the plain elbow or in the 
cascades even when the diaphragms 
were in position 

The results of the experiments make 
it clear that a sharp e 
cade 


elbow with a cas 
can satisfactorily replace an easy 
bend, provided that the water is not 
bearing a load of debris, which wouid 
damage or choke the cascade. Facilities 
were not available for tests on a larger 
pipe, but wind-tunnel results suggest 
that Reynold's number effects are un 
likely to be big. Klein, Tupper and 
Green, who tested two cascades of 
identical design, in which the blade 
chords were respectively 6 in. and 
1 1/16 in. found that the larger was 
slightly more efficient. This conclusion 
is supported by a report in which it is 
stated that over a 4:1 
effect was 
designs 


range the scale 
found to be small. The 
indicated in Figs. 1 and 2 
should therefore give good results in 
a pipe of greater diameter, but it is 
to be hoped that, when opportunity 
they will be tried in a much 
larger pipe than 6 in. Experiments 
are also desirable on cascades attached 
to pumps, both at the suction bend and 
also at the outlet, where the 
highly turbulent 
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Bubble-Free Laminates 
Stand Up Better 
entitled "Void 


D. Raffel and E. 
Aircraft Corp., 


Abstracted from report 
Free Laminates" by B. 
Duplaga, Goodyear 
Akron, Ohio. 
NON-STRUCTURAL  AIRCRAFT PARTS 
made from fabric-laminated plastic 
material are susceptible to the eroding 
bombardment of raindrops. This re 
sults in rapid deterioration of the 
material and loss of strength. A void 
free Neoprene-coated laminate has 
been developed to beat this erosion 
problem. The physical properties of 
the material have been improved at the 
same time. 

The development of liquid polyester 
laminating resin binders some years 
ago led to their use in low- Po 
and no-pressure molding of fabri 
baud aircraft parts. The smooth 
surface of these cloth and plastic 
pieces fits them for application on high 
speed aircraft in non-primary struc 
tures. 

Little attention was paid to the 
presence of voids within the laminates, 
although it had been shown that such 
voids contributed materially to strength 
defects in the material. In the case 
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of phenolic-resin cotton fabric lami 
nates, physical propert ties varied almost 
in direct proportion to the û 
voids 

Two recognized general classes of 
voids exist, 1) elongated tubular type 
of microscopic size located along the 
fibers and design: ited thread 
and 2) bubbles of mk roscopi 
between the yarns of the fabri 
designated “fabri 


ibsenc e of 


glass 
voids” 
size 
or between 
voids." 
Two effects contribute to the forma 
tion of voids. Residual air 
incorporated into the laminate during 
forming and not be removed or be 
inadequately compressed, or vapors can 
be formed by the curing process, which 
boils off volatile 
resin 
Proper C 
process avoids both 
a void-free laminate 
It is pretty obvious that 
perfect material is going to 
ter properties strength-wise than a 
piece which is loaded with voids, pits 
cracks, and the muriad defects in lami 
nates formed by low-pressure or 
vacuum-bag molding. But a 
vious defect was the factor which very 
nearly ruled out cloth 
laminates for exterior use 
aircraft—rain erosion 


plies, 


may be 


component s of the 


laminatin 
causes and 


control of the 
ves 


physically 


have bet 


less ol 
glass polyester 


on military 


First solution of the problem of 
rain erosion was offered by the devel 
opment of the laminate 
These showed a great superiority to 
the conventional laminates—-for ex 
ample, 8 to 20 times the 
erosion 

High-speed flight made conditions 
more severe, and so a Neoprene coat 
ing was developed to protect the lami 
nate. An improvement by a fa 
more than 100 resulted from the com 
bination of the Neoprene coating and 
the void-free laminate 


void-free 


resistance to 


tor of 


sufficient to use the 
with 


It was not 
Neoprene coating conventional 
laminate, though. The void-free mate 
rials permitted easier application of a 
smooth Neoprene coating; they caused 
the Neoprene to withstand erosion 
better; they maintained structural in 
tegrity longer 

As would be expected, void-fre 
laminates showed substantial strength 
margins over the conventional types, 
when both were fabricated and tested 
with parallel techniques. A compari 
son of flexural and compressive 
strengths showed the void-free mate 
rial to have 27 to 85 percent more 
strength than conventional laminates 

The void-free !aminates absorbed 
only about 36 percent as much water 
as the conventional in immersion tests 
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lasting for either one or seven days 

To overcome 
tional laminates, it had been necessary 
to vacuum-impregnate the cured mate 
rial, to incorporate paper in the 


, Or to use coatings 
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TECHNICAL 
NEWS 


Equipment Modified for Air Transportation 


DURING WORLD WAR II the appella- 
tion “Airborne Engineers” was some- 
what misleading. While it was true 
that there were certain items of engi- 
neer equipment that could be air- 
borne, in construction equipment, 
traditionally important to engineer op- 
erations, the machines that could be 
carried by airplane were few and 
often so inferior in production capabili- 
ties to standard types that it wasn't 
particularly worthwhile to fly them 
any place, particularly into a combat 
zone where the air cargo space was 
important. 

With the development of the war, 
it became apparent that airborne op- 
erations were going to continue to be 
important, and responsible . planners 
began a complete re-examination of 
the role of engineer construction 
equipment. 

The new Air Force cargo planes 
imposed size and weight limitations 
on construction machinery that meant 
that it would have to be substantially 
smaller and lighter than standard 
equipment. And at the same time, 
Army Field Forces made it known 
that higher production capacities were 
desired and should approach those of 
standard machines. 

The problem, then, was posed: cut 
the weight, not the production capac- 
ity. First step in solving it was to re- 
duce all the requirements to a set of 
military characteristics, and then de- 
termine the speediest and most eco- 
nomical way of meeting them. There 
were at least two possible approaches: 
to attempt to modify then standard 
equipment, of known performance 
characteristics, or to depart completely 
from conventional attacks, and, per- 
haps with the aid of the airframe 
bine. to try radical approaches that 
would in most respects ignore present 
machines and techniques. 

The construction machinery indus- 
try was called into counsel the military, 
and it was largely as a result of their 
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advice that the first of the two ap- 
proaches was decided upon as the 
more logical. If, along their suggested 
lines, a solution could be reached, the 
advantages were obvious: much of the 
research work was already done; there 
need be, therefore, no overly long 
periods of possibly — study ; 
no "blind alleys" to follow while test- 
ing new, unproven, and possibly use- 
less ideas; and industry could use its 
present tools, techniques during devel- 
opment, and, in case of mobilization, 
its full, proven production facilities. 
The requirement was for a full new 
family of lightweight equipment, and 
all segments of the industry cooperated 


in starting to develop it. "pue of 
the problems studied was the develop- 
ment of a new, lightweight tractor- 
dozer. 

Conventionally, high production 
capacity machines had depended pri- 
marily on weight and power. What, 
then, could be substituted for the 
weight? The simplest answer, of 
course, was speed. It was tried and it 
worked. The lightweight machines are 
now being operated successfully at 
nearly twice the speed of the standard 
equipment, although it is anticipated 
that the life of the machines will be 
considerably less than that of com- 
mercial equipment. 

To develop the machines themselves, 
the major tractor companies did much 
the same tricks, in parallel develop- 
ments: used the frame of a small trac- 
tor, the gas tank from a smaller one, 
the track system of a middle sized 
one, added a newly designed hydrau- 
lically operated dozer blade, that was 
demonstrably more efficient than the 
mechanical type. 

At first, difficulty was experienced 
in developing production capacity 
with the lighter machine, since its 
light weight dozer tended to make 
it ride up over hard earth during ex- 
cavating operations. Then an ERDL 
engineer used a new idea which was 
beginning to gain favor commercially 
of using reversed scarifier teeth on 


A SPECIALLY DESIGNED 16,000 LB AIRBORNE CRAWLER TRACTOR, not com- 
mercially available, powered with an 85 hp diesel engine, utilizes the entire tractor 
weight on the blade through hydraulic suspension. Equipment is being tested at 
Army Engineer Proving Grounds at Fort Belvoir, Virginia. 
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the bottom of the dozer blade during 
the back-up of the tractor away from 
the cut. The blade was left low, and 
the teeth scarified over the next cut 
that was to be dozed out. In effect, 
the whole horsepower of the tractor 
was utilized during the complete cycle. 
And with the earth so scarified, the 
excavating became practically a back- 
filling operation, enabling the forward 
motion of the tractor to be at a much 
higher speed. The net result was an 
average of about 35 percent increase 
in production. 

Every component of the tractor- 
dozer was examined with the question 
in mind: can it be lightened and still 
do its job? First a solid plate was re- 
placed by a lighter webbed casting; a 
grouser was reduced a bit in size; 
brush guards were lightened, modi- 
fied or removed. Hollow fenders were 
added, that could be filled with sand 
for increased weight and traction, after 
air transport. Ten pounds were gained 
here, a hundred there, and the ma- 
chine gradually moved towards the 
magic goal, 16,000 pounds. 

Thru all of it, each change, each 
modification, the unit was thoroughly 
tested by industry and by the Engi- 
neer Research and Development Lab- 
oratories. Today the program, in its 
present concept, is well on the way 
to completion. 

The tractor-dozer, of course, is just 
the example. A similar attack was 
followed for the rest of the construc- 
tion equipment family. Should mobil- 
ization come, tomorrow's airborne 
battalion would be airborne, with 
truly productive tools. 


Cellulosic Plastics 
In Short Supply 


HERCULES POWDER COMPANY reports 
that its cellulosic plastics materials, 
both in flake and molding powder 
form, are currently available only in 


limited amounts. Increased demand, 
coupled with a lack of raw materials, 
is responsible for the present shortage 
which is expected to last well into the 
coming year. In the case of cellulose 
acetate, a shortage of both wood pulp 
and cotton linters has hurt flake pro- 
duction, and in turn, the amount of 
flake available for molding powders. 
A shortage of ethyl chloride has served 
to limit the supply of ethyl cellulose. 

This is in sharp contrast with the 
situation of only a year or two ago. 
Markets for the cellulosics slumped 
badly in 1947 following a peak reached 
during the years of World War II. 
Large sectors of the market were lost 
to the newer synthetic plastics. How- 


EXTENSIVE RESEARCH AND DEVELOPMENT WORK have borne fruit in this 
single shot, hand-loaded, direct or indirect fire, M27, 105 mm recoilless rifle. It was 
not designed as an artillery piece or to compete with artillery. The rifle was developed 
as a small arms piece to give greater offensive and defensive hitting power to small 
infantry units. The rifle weighs 365 Ib, the mount 336 Ib. Overall length is 135 inches. 
Four different types of ammunition have been developed, including a variety which, 


in the words of the Army Secretary Pace, “. 


. . along with the big 3.5 in. bazooka, will 


provide the front-line combat soldier with the ability to knock out the most potent 


enemy tank known today.” 


ever, intensive sales promotion and 
improved materials and manufacturing 
tec = р has opened new fields and 
expanded existing markets. As a re- 
uk this has been a comeback year 
for the cellulosics with the output in 
July, 1950 at 7,000,000 Ib as com- 
pared to only slightly more than half 
of that a year ago. September and 
October output were in the range of 9 
million pounds. 

Primary advantage of cellulose ace- 
tate is the flame resistance offered by 
special self-extinguishing formulations. 
New molding formulations of high- 
acetyl cellulose acetate have improved 
dimensional stability, making them 
suitable for many applications which 
were formerly impractical. The ability 
to withstand distortion in boiling water 
and resistance to impact at sub- 
zero temperatures are other important 
features 


Camera Uses Invisible 
Electric Images 


FORT MONMOUTH, N. ].—De- 
velopment of a new type camera using 
invisible electrical images which can 
produce —S pictures even in 
active atomic radiation areas without 
being fogged, has been sponsored by 
the Signal Corps Engineering Labora- 
tories here. 

In the making the past year and a 
half, a model of the camera, dubbed 
“Two-minute Minnie,” produces a 
finished 4 x 5 inch picture two minutes 
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after the shutter is snapped. Its plates, 
which need no chemicals for process- 
ing, can be used over and over again 
merely by wiping off the image. 

The picture has tones similar to that 
of an ordinary black and white photo- 
graph and can be printed on paper, 
wood, cloth, glass, plastics, or ceramic 
materials. It can be made into a 
transparency from which enlargements 
can be produced. 

The camera employs the newly dis- 
covered electrostatic, electrophoto- 
graphic process in which light is 
recorded on a selenium-coated metal 
plate that has been sensitized by an 
electrical charge. Where the light hits 
the charged plate, the electricity leaks 
off the sensitized material in propor- 
tion to the amount of light received 
and is grounded on the plate. What 
is left is an invisible electrical image. 

Finely ground charcoal oz anthracite 
coal powder is then blown across the 
face of the plate. Wherever there is 
electricity on the plate the dust sticks 

the more the electricity, the more 
powder remains. The powdered image 
is then transformed to ordinary paper 
or other material coated with an ad- 
hesive layer such as rubber cement. 
To protect the surface and fix the print 
a clear transparent plastic film is 
pressed against the picture. 

For military use, the new camera, 
when it reaches the field, will offer 
several advantages over the conven- 
tional silver process of photography: 
1. Need for a darkroom in the field 
will be eliminated. The entire pro- 
cess is done in the back of the camera 
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within two minutes. Edward K. 
Kaprelian, chief of the Photographic 
Branch of the Signal Corps Engineer- 
ing Laboratories, predicts that this time 
will be cut to a minute or less within 
a year. 2. Storage problems in the 
field will be lessened. The plates are 
not sensitive to light until electrically 
charged in the back of the camera. 
Also a small supply of plates can be 
used over and over again. 3. The plates 
are not affected or fogged 
radiations. Ordinary film is 

The camera uses an ordinary lens 
and shutter. Its light source is the 
same as for an ordinary camera, 
or reflected light, photofloods, flash 
bulbs, or ordinary light bulbs. The 
speed of the sensitive plate is about 
the same as the ordinary 
matic black and white film 

Development of the camera was 
under sponsorship of the Signal Corps 
which aided the Haloid Company, 
Rochester, N. Y., and the Battelle 
Memorial Institute Ohio, 
in the research and design leading to 
production of a model 
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Doehler Predicts 


Age of Light Metals 


THIS COUNTRY is about to embark on 
an industrial period which in the 
future may be labeled the age of light 
metals, according to H. H. Doehler, 
Chairman of the Board of the Doehler 
Jarvis Corporation and generally re 
garded as the founder of the die cast 
ing industry as it is known today. Mr 
Doehler recently pointed out that a 
cording to figures of the American Die 
Casting Institute, approximately 250 
million dollars worth of business is be 
ing done annually by the job 
casters of this nation. He predicted 
that within the next ten years 
figure on a world-wide basis would 
reach close to a billion dollars 

The occasion of this 
the release of a motion pi 
Shortest Way’, which 
as "graphic evidence of the 
age of the dk 
World War II, Doehler 
duced more than 9,300 
ponents for the 


shop die 


this 


prediction was 
cture The 


was descril ] 
coming ot 
casting process In 
Jarvis pro 
different com 
armed forces and 
according to Mr. Doehler, at this 
what appears to be the brink of a 
period of rapid p reparcdncsp and ten 
sion, the die casting industry is ready 
plan an increasingly important role 
“The Shortest Way derives its 
title from he often used 
adopted years ago by Mr. Doehler 
From raw material to finished 
uct in a matter of seconds—that 


casting.” The picture is 


slogan 
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the use of technical societies, users and 
prospective users of die castings, prod- 
uct engineers, technical students, and 
other groups interested in modern 
manufacturing processes. 

All requests Ж use should be made 
directly to the Doehler-Jarvis Depart- 
ment of Public Relations, 386 Fourth 
Avenue, New York City, or through 
the Plant Managers at Toledo, Ohio; 
Pottstown, Pa.; Batavia, N. Y.; Chi- 
cago, Ill., and Grand Rapids, Mich. 


New Automobile Shock 
Absorber Designed 

THI 
a new 


CHRYSLER CORPORATION offers 
shock absorber with ten fewer 
parts than the previous model on its 
1951 cars. It is designed for durability 
and simplicity as well as to improve 
riding qualities 

The new unit dissipates more energy 
than the conventional type and fol. 
lows a  resistance-deflection — curve 
shaped to give very slight damping 
force to small movements, gradually 
increasing as the amplitude grows 

Energy is absorbed by forced cir- 
ulation of fluid through long, smal! 
diameter restrictive passages in the 
piston and valve. Resistance to 
flow gradually with piston 
High resistances at mid-stroke 
employed without 
ride an or vibration 

The piston two con 
centric rings of tubular passages con 
necting the upper and lower ends of 
the cylinder. The outer passages are 
small in diameter and are open to 
the cylinder at both ends. The inner 
passages are covered at the top face 
of the piston by a compression relief 
valve, which consists of two spring 
plates clamped between the piston 
and a shoulder on the piston rod. The 
valve consists of a check valve 
a spring-loaded check valve, and 
an orifice. This orifice is a small di- 


check 


base 
increases 
velocity 
can be incurring 


Inc orporates 


| 
pase 


seat, 


ameter tubular passage in the 
valve 

During rebound movement the pis 
ton may be considered 
the upper end of 
this end of the 
fluid trapped 


as approaching 
the cylinder. Since 
cylinder is closed, the 
above the piston can 
escape only through the restriction im 
posed | passages in the 


by the outer 
hydraulic pressure is 


Thus 
eated which resists the piston move- 
ment with consequent resistance to 
deflection and, therefore, ab- 
and dissipation of spring 


piston 


spring 
sorbtion 
energy 
While the rebound stroke is in 
process, a portion of the piston rod 
eing withdrawn from the cylinder 


Propuct 


In order that the cylinder be main- 
tained completely filled with fluid, the 
lightly-loaded check valve is located 
in a passage connecting the lower 
end of the cylinder with the reservoir. 
The partial vacuum created by the 
retreating piston rod opens this check 
valve and draws the required amount 
of fluid from the reservoir to com- 
pensate for the volume of the rod 
withdrawn. 

At the end of the rebound stroke 
the check valve in the base of the 
shock absorber is reseated by its light 
spring. When the jounce movement 
begins, the piston rod is again pushed 
back into the cylinder. Fluid flows 
from the lower to the upper end of the 
cylinder through the outer passages 
of the piston. In addition, a volume 
of fluid, equivalent to the volume of 
the piston rod pushed back into the 
cylinder, is returned to the reservoir 
through the small diameter passage in 
the check valve. Both the outer pas- 
sages in the piston and the passage 
in the check valve provide resistance 
against fluid flow. The restriction of 
the check valve passage is designed 
to insure sufficient fluid flow through 
the piston to fill the upper end of the 
cylinder 

It is apparent that the entire piston 
area is loaded by the pressure devel- 
oped in the lower end of the cylinder 
due to these restrictions in the piston 
and check valve. Because of the re- 
sistance to fluid flow through the pis- 
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RESISTIVE FORCE of new Chrysler 
shock absorber increases gradually with 
deflection so that light shocks are not 
transmitted strongly to the body, but 
heavy bumps are well absorbed. 
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ton, a difference in pressure will occur 
between the lowér and upper ends of 
the cylinder. Under extreme road con- 
ditions, excessive resistance in the 
shock absorber might occur with re- 
sultant forces that would damage the 
mounting structures. The compression 
relief valve plates above the inner 
piston holes are designed to flex from 
the piston under these conditions, thus 
reducing the shock absorber resistance. 
This compression relief valve is de- 
signed only to be a safety valve and 
does not limit resistance except during 


extremely severe road conditions 


Wire System Extends 
Library Service 


FULL REFERENCE LIBRARY SERVICE 
will be provided to outlying atomic re 
search laboratories as a result of a 
new high speed, long distance facsim 
ile system recently installed at the Oak 
Ridge National Laboratories 

The new system, developed for 
AEC by RCA Laboratories, Princeton, 
N. J., incorporates several innovations 
in the field of facsimile reproduc 
tion. The reader-transmitter will scan 
printed copy or drawings on flat sur- 
faces such as book pages and will make 
direct enlargements of material in 
small type by any ratio up to 4 to 1 
The copy bed can handle individual 
sheets or books up to three inches 
thick. The signal is transmitted over 
an ordinary telephone line and the 
recorder will reproduce clear, highly 
legible black-on-white copy at a speed 
of 15 linear or 128 square inches per 
minute 

Operational tests to be started at 
Oak Ridge immediately will indicate 
to what extent existing library services 
at the Laboratory can be expanded 
without greatly increasing the out 
lay for new books, particularly scarce 
and expensive sets of bound scientifi 
periodicals. The system will also pre 
vent possible contamination of books 
and journals in laboratories using ra 
dioactive materials 

At the present time at Oak Ridge 
more than a score of separate research 
and production facilities scattered over 

wide area require library services 
If the new facsimile service proves 
useful, it may be possible to consoli- 
date many of these library services 
into larger, more adequate units 

This problem of distribution of tech 
nical reading matter to save duplica 
tion of experiment and derive full 
benefit from research work already 
done, although long recognized has 
been made even more acute by large 
defense projects 
FEBRUARY, 
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TURBO-JET ENGINE to power new Air Force F-86D fighter is designated J-47-GE-17. 
Burning of additional fuel in the afterburner to produce added thrust, independently 
of the basic engine, results in complex control problems which could not be handled 


effectively by the hydraulic engine controls currently used on jets. 


G-E engineers 


devised electronic controls which, by means of brain boxes, automatically regulate fuel 
flows to the engine to bring about optimum performance. 


Electronic Controls for Jet Engines 


THE AIR FORCE HAS DISCLOSED that 
its F-86D interceptor planes will have 
jet engines equipped with automatic 
electronic controls 

Responsibility of the pilot for oper- 
ation of the powerplant consists essen- 
tially of pressing the starter button 
and regulating his throttle for the 
power he wants. Electronic "brain 
boxes" do the remainder of the work 
for him, and better than any human, 
by automatically regulating fuel flows 
through the engine to bring about 
optimum performance under any con- 
ditions 

General Electric engineers designed 
the system primarily for the company's 
new J-47-GE-1 powerplant which 
consists of a basic jet engine with a 
dry static thrust rating of than 
5,200 pounds, plus an afterburner 
Burning of additional fuel in the after- 
burner to produce added thrust, in 
dependently of the basic A results 
in complex control problems which 
could not be handled efficiently by the 
hydraulic engine control systems cur- 
rently used on jets. The electronic 
system is simpler and much lighter 
than hydraulic controls and makes con- 
trol of the powerplant easier for the 
pilot 

Basically, the system consists of 
single lever for engine control, several 
sensors, devices which translate tem- 
peratures, speed and similar informa- 
tion into electrical readings, and two 
electronic computers, which digest the 
information and then tell the engine 
what to do by regulating fuel valves 


more 
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to control engine speeds, and control 
an after burner discharge nozzle on the 
tailpipe which controls exhaust velocity 
and temperature. 

Built into the computers are the 
maximum permissible limits of tem- 
peratures, acceleration and fuel flows 
which the engine can handle without 
damage to it or the airplane. The pilot 
can do nothing to make the brain boxes 
exceed these limits. 

The information supplied by the 
sensors is fed into the two kidney- 
shaped electronic computers located 
on the airplane adjacent to the engine 
The computers compare the power 
needs, as reported by the throttle, 
against the engine's performance. If 
there is any "error" between the two, 
the comp uters act to correct it by chang 
ing the settings of either the fuel 
valves or the variable area nozzle on 
the tailpipe. This is done by amplifiers 
which step up the small currents into 
usable power levels which actuate elec- 
tric motors 

GE engineers claim that the elec- 
tronic controls reduce the possibility 
of human error, permit automatic start- 
ing, assure long engine life and maxi 
mum performance at all times, 
integrate control of the basic engine 
and the afterburner and provide an 
increased margin of safety for the 
powerplant 

Higher speeds and power ratings 
have pointed the need for automatic 
flight control in new jets, and im- 
proved instrumentation has made the 
lesired advances possible 





Air Force Unveils F-89 Scorpion All-Weather Fighter 


PHANTOM VIEW of the Northrop Scor- 
pion F-89 shows overall arangement 
of the U. S. Air Force's newest all- 
weather interceptor now being built 
by Northrop Aircraft, Inc., at Haw- 
thorne, Calif. Heavily armed, this 
twin-jet aircraft carries a crew of two- 
pilot and radar observer—and is equip- 
ped with airborne electronic equipment 
which enables it to operate by day or 
night and under adverse weather con- 
ditions. Six 20 mm cannon are 
mounted in the detachable fuselage 
nose of the Scorpion. The plane is 
powered by two Allison J-35 turbojet 
engines, which nestle side by side be- 
neath the fuselage. The twin jets are 
equipped with afterburners to give the 
plane thrust-augmenting power for 
short intervals when maximum per- 


Western Europe to Get 
Patent and Design Data 


AN ApvisoRY COMMITTEE ON PRO- 
DUCTION INFORMATION, organized on 
short notice by the Department of 
Commerce at the request of the State 
Department, is giving the Government 
its views on the pending transfer of 
technological information to North 
Atlantic Treaty countries 
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formance is desired. Engines are of 
the "swing out" type, and on the 
ground, maintenance technicians can 
obtain ready access by removing the 
cowlings rapidly, then swinging the 
engines out and down to provide 
ample access on both sides. It is un- 
necessary to "tear the airplane apart" 
for engine maintenance, and there is 
no need to disconnect controls, plumb- 
ing systems or electrical wiring. Fuel 
system of the F-89 features the pro- 
gressive automatic selection of tanks 
as they are emptied. There are two 
wing tip tanks of the internal type, 
twelve wing cells of the bladder type 
and two fuselage tanks of the self- 
sealing type. The plane’s control sys- 
tem is full power operated. It con- 
sists of two complete hydraulic sys- 


The committee, consisting of rep- 
resentatives from all branches of U. S. 
industry was organized when it be- 
came apparent that the State Depart- 
ment would have to have U. S. in- 
dustry's views on the use of American 
patents, processes and methods in the 
forthcoming negotiations with foreign 
governments. 

Two preparatory meetings were held 
in Washington during October. One 
consisted of trade association executives 
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tems, including dual actuators for all 
surfaces. The tricycle landing gear on 
the F-89 is retractable. Extra high 
pressure tires are extremely thin, and 
the retracted wheels in the wings are 
covered by doors, giving the wings a 
clean design in flight. The two crew 
members are seated in tandem in a 
pressurized cockpit equipped with pilot 
ejection seats, and are protected for- 
ward by armor plating and windshield 
armor glass. The Scorpion is approxi- 
mately 53 feet long with a 56 foot 
wing span, and a total wing area of 
606 square feet. It has a design gross 
weight of more than 30,000 pounds. 
The plane operates at speeds in the 
600 miles-an-hour range at more than 
40,000 feet. The Scorpion gets its 
name from the swept-up tail. 


and the second of industry technical 
people. On the basis of the discussions, 
John C. Green, head of Commerce 
Department's Office of Technical Serv- 
ices has invited several score of top 
industry people to serve on an ad hoc 
committee to formulate recommenda- 
tions to the State Department. The 
first meeting was tentatively scheduled 
for November 10th. 

Congress realized when it passed 
the Mutual Defense Assistance Act in 
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September 1949 that in addition to 
supplies and equipment to be sent, use 
could also be made of the productive 
capacity of the western European 
countries. 

Europe has large munitions and 
metal-working production capacity and 
technological experience which is not 
now being used. The reasoning is 
that if we were to transfer our know- 
how, the western Europeans could make 
their own military equipment. We 
could thus save our own production 
capacity and also obviate the transport- 
ation problem. Further than this, some 
strategists see in the transfer of U. S. 
technological data a definite advantage 
should we be called on to fight in 
Europe. We would find our own type 
weapons ready for our use. 

The first two preliminary meetings 
brought out industry’s pledge of co- 
operation, providing the Government 
gives certain pledges of its own. First, 
U. S. industry feels that if it is induced 
by the Government to enter into deal- 
ings with foreign firms and suffers a 
loss above the normal expected, the 
U. S. government should stand ready 
to indemnify the U. S. firm. Second, 
agreements made with foreign firms 
and nations should be made free of 
future anti-trust, anti-cartel action by 
the U.S. Department of Justice. 
Smears on industry by the Nye Com- 
mittee in the 1930's are not forgotten. 


Tool Steels Selected by 
Circular Rule 


THE CRUCIBLE STEEL COMPANY OF 
AMERICA is offering a circular slide 
tule for selecting tool steels on the 
fundamental basis that the application 
dictates the choice of steel. The se- 
lector is not an aid or guide, but a 
selector in the true sense. 

To use the selector, it is only nec- 
essary that the tool or die character- 
istics be known. By this is meant the 
type and condition of the material to 
be worked, the number of pieces to 
be produced, the method of working, 
that is hot or cold, and the condition 
of the equipment to be used. About 
98 percent of all tool steel applications 
are covered by the six major classes 
shown on the blue outer ring of the 
selector. To make a choice, the oper- 
ator moves the inner circle arrow to 
the major class covering the applica- 
tion of the steel, selects the most ap- 
propriate pM and reads the 
characteristics under arrows and 
through cut-out sections of the moving 
disk. 


The selector covers 22 standard 


warehouse tool steels. This range is 
designed to give adequate performance 
on 95 to 95 percent of applications. 
The circular tool steel selector rule is 
obtainable from Dept. PE, at the com- 
pany's offices at 405 Lexington Ave., 
New York, New York. 


New Design Concepts 
Emerge From 
Reinforced Plastics Meeting 


THE ANNUAL MEETING of the Rein- 
forced Plastics Division of the Society 
of the Plastics Industry to be held 
February 28 to March 2, at the Edge- 
water Beach Hotel in Chicago, wiil be 
notable for the broad engineering in- 
terest shown and the wide variety of 
design problems and concepts that will 
be covered. 

A special report on “Reinforced 
Plastics" by — Francis on page 
85 of this issue of PRODUCT ENGI- 
NEERING gives a general coverage of 
reinforced plastics, or laminates, usu- 
ally considered as thermosetting plas- 
tics carrying long fibers which set in 
plastic and give reinforced strengths. 

New designs are possible with the 
added strengths of these materials and 
the problems and methods of fabri- 
cation differ radically from those en- 
countered with conventional plastics. 
A good analogy is made in PRODUCT 
ENGINEERING's special n to the 
design consideration familiar to rein- 
forced concrete engineers. 

The Chicago meeting will feature 
reports on fiberglass preforming, basic 
mold design, reinforced plastics in 
modern design, new developments in 
resins, and horizons in appliances. 


Russian Scientists Get 
Credit for This Discovery 


NEW HAVEN—Here is a discovery 
for which Russian scientists deserve 
credit. They found eight years ago 
that two gases that mix readily under 
normal conditions separate into layers 
under high pressures. Their observa- 
tions have now been confirmed. 

Two Yale chemical engineers, Prof. 
Barnett F. Dodge and A. E. Lindroos, 
are responsible. They found that two 
gases, which mix intimately under 
normal conditions, separate into two 
phases or layers when the mixture is 
put under a pressure of 50,000 psi. 

Going further than the Russians, 
they found that the lighter gas, which 
at first floated on top of the heavier 
gas, became heavier and sank to the 
bottom when pressures were increased. 
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COMPLEX, CONCRETE WIND 
TUNNEL THROAT has been built 
for less than $100 by Northrup Aero- 
nautical Institute students for testing 
aircraft models. 


TURBOJET TEST PLANT recently 
completed by Fiat in Turin, Italy, is 
elaborately instrumented for test and 
development work. Fiat will produce 
British de Havilland Goblin and 
Ghost engines. 


NAVY'S first all-welded aluminum 
patrol torpedo boat, the PT-811, was 
launched recently at Annapolis, Md. 
It is a forerunner of a new class of 
PT boats which will replace the 
“splinter fleet” of World War II. 


FLOATING SHOCK MOUNTING 
in a voltmeter developed for the Army 
Signal Corps makes it possible to 
drop, throw or kick the case without 
harming the indicating mechanisms. 
The voltmeter is compact and costs 
only slightly more. 


PRACTISING LAW INSTITUTE 
announces publication of a monograph 
for the application of the tax laws 
to A copyright and trade-mark 
problems by lawyers, patent practi- 
tioners and engineers concerned with 
these forms of property. 


THE AWARD of 78 post-graduate 
and post-doctoral fellowships to 47 
universities, and grants-in-aid to 10 
universities to stock-pile knowledge 
through the advancement of funda- 
mental research, was announced today 
by the DuPont Company. An author- 
ization of $390,400 was provided by 
the company for 1951-52. 


AN ELECTRONIC ANALOGUE 
COMPUTER costing less than $5,000 
but with a six-variable capacity in solv- 
ing dynamic problems has been devel. 
oped by the Boeing Airplane Co., 
with five units now being used in as 
many of the company's engineering 
research units. 


SIGNAL GENERATOR for radio 
frequencies between 75 kc and 40 mc 
has been developed by Communica- 
tions and Navigation Laboratory of 
Air Material Command at Wright 
Field to replace obsolete World War 
II units. 
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MOTORS PROTECTED BY 
DOW CORNING SILICONES 


... the insulation that has already saved industry millions of main- 
tenance dollars plus the hourly output of hundreds of thousands 
of men! 

This most timely announcement caps the test program we 
started 8 years ago when silicone resins were introduced by 
Dow Corning Corporation. First we proved by accelerated life 
testing that silicone insulated motors had a good 10 to | advantage 
in life expectancy and wet insulation resistance. Then we sold 
silicone (Class H) insulation to the manufacturers of electrical 
equipment ranging from lift truck and traction motors to solenoid 
and brake coils. We also encouraged the better rewind shops to 
rebuild hard working industrial motors with Class H insulation. 

Now we can proudly refer American industry to this goodly 
list of electrical manufacturers, all able and willing to supply 
electric machines protected by Class H insulation made with 
Dow Corning Silicones. 

Take your special problems to the application engineer 
representing any of these companies or to our Product Develop- 
ment Engineers. 


furnished by: 


ALLIS-CHALMERS MANUFACTURING COMPANY 


Continental Electric Co. Inc. 


ELECTRO DYNAMIC 


€ 


ELLIOTT COMPANY 


KURZ & ROOT COMPANY 


UNCONPQRATE D) 


The Seland Electric Co 


oF 


The Reliance Electric & Engineering Company 


THE B-A-WESCHE ELECTRIC COMPANY 


WESTINGHOUSE 
ELECTRIC CORPORATION 


© 


* "Class H” insulation is the kind of insulation 
that keeps motors running in spite of 
“Hell and High water.” (slonguvage dictionary) 


DOW CORNING 


MIDLAND, 


CORPORATION 


MICHIGAN 


PRODUCT ENGINEERING — FEBRUARY, 1951 





NCE BOOK 


High Stress Fatigue 
Of Aluminum and Magnesium Alloys 


T. T. OBERG and W. J. TRAPP 


S. Air Force Materials Laboratory 
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THREAD-CUTTING SCREWS 
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If the shortage of columbium is putting Type 347 Stainless 
Steel out of your reach for important defense work, here's 
a special Armco grade that may be a suitable alternate. 
It is Armco Type 304 ELC Stainless Steel. 

This Extra-Low Carbon grade can be used in place of 
columbium-stabilized stainless for welded equipment ex- 
posed to service temperatures below 800°F. Above this 
temperature, Type 321 should be used. 

Stabilization with columbium or titanium is not needed 
with Armco Type 304 ELC because of its low carbon con- 
tent (.03°% maximum). This eliminates intergranular cor- 
rosion adjacent to the welds, because no harmful carbide 
precipitation occurs during welding. Annealing after weld- 
ing is not necessary, except where engineering require- 


ARMCO 


STEEL 
CORPORATION 


6080 Curtis Street, Middletown, Ohio 

Plants and Sales Offices from Coast 

to Coast * The Armco International 
Corporation, World-Wide. 


аме Data 
МЕЖ 
it” 


Send me 


ments specify stress-relief after fabrication. 

Armco ELC Stainless sheets, strip and plates have proved 
satisfactory for many applications in the aircraft, chem- 
ical, oil, textile, paper, and allied industries. 


other types 


Extra-Low Carbon Stainless is also available in Armco 
18-12 Mo ELC (Type 316 ELC) and Armco 19-12 Mo 
(Type 317 ELC). Mechanical properties of the ELC grades 
are similar to those of the corresponding standard grades. 

Armco engineers will be glad to talk with you about 
specific applications for the ELC grades. Just fill in and 
mail the coupon. 


ARMCO STEEL CORPORATION 
6080 CURTIS STREET, MIDDLETOWN, OHIO 


We manufacture 
Name 

Firm Name 
Street Address. 


City 
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Belt With Teeth Makes 


Positive Engagement 


Fulfilling the need for a power drive that gives precision 
timing is a rubber and fabric belt with teeth, which, it is 
said, will not slip or stretch, will attain speeds up to 1,600 
fpm and will operate more quietly than precision gears 
running in an oil bath. In appearance, it is similar to a 
flat belt except that it has regularly spaced rubber teeth 
along its inner surface which engage in grooves in pulleys 
Two materials are used in its construction, steel for power 
transmission drives and Ustex, a cotton cord chemically 
treated for high strength, for light drives. Neoprene com- 
pounds are used for the most part although Buna-N is 
needed where heat and oil conditions are a problem. 

It is believed that more economical and efficient trans- 
mission of power can be secured by replacing flat belts, 
V-belts, chain drives and gears in many applications with 
this timing belt, for besides the advantages already pointed 
out, there are others. One is that the belt will operate on 
fixed centers without take-up adjustments. Second, since 
no initial tension is needed, high efficiency can be secured 
with low bearing pressure. Third, the belt requires no 
lubrication; yet oil will not harm it. Fourth, speed ratios 
up to 30:1 are possible, pulley diameters can be as small as 
4 in. and pulleys can run at 10,000 rpm with a heavy load. 
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These factors keep maintenance costs low and permit small 
drive constructions, which reduce the cost of the belt. 
In comparison with other drives, the timing belt is more 
sensitive than V-belts or flat belts but less so than gears 
or chains. It is said to be more economical to use than chain 
and gears, but more expensive on light duty belt drives. 


U. S. Rubber Co., Rockefeller Center, New York 20, N. Y. 
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Counting Device Repeats Predetermined Count 


Industrial processes which required automatic cycle con- 
trol can be provided with a counter that automatically 
switches the electrically controlled circuit on or off each 
time it registers a pre-determined count and then auto- 
matically resets and begins the cycle again. The counter 
comes in two models, one actuated by a rotating shaft and 
the other by a reciprocating lever. 

The cycle can be any number from 1 to 2,000 and any 
even number from 2,000 to 4,000. To adjust the unit for 
control of a cycle of 553, for example, the dial gear (A) 
is disengaged from the pinion shaft (B) by turning knob 
(C) and is rotated to the end of the worm shaft (D). 
With knurled screw (E) pointer lock (F) is lifted out 
of the dial gear teeth, and pointer (G) is set to 53. Pointer 
lock (F) is engaged with dial gear teeth to lock pointer 
in place. The dial knob (H) is turned until pointer (1) 
indicates 500 and the index (J) indicates 53 bringing 
pointer (I) mid-way between 500 and 600. The dial gear 
(A) is now engaged with pinion shaft (B) by turning 
knob (C) clockwise until seated. 

The switching interval, which is the period of time the 
switch is open or closed when the dial gear reverses its 
direction of rotation, may be held for a total of six counts 
or reduced to a minimum of less than one-half count. This 
adjustment is controlled by two cams, one on each side 
of the dial gear, by means of screws (E) and (K). 


Counter and Control Corp., Milwaukee, Wis. 


INTERMITTENT CONVEYOR DRIVE: In the manufacture of 
fibre board boxes, panels must be collected in rapid succession 
from one conveyor and moved in uniform stacks to another 
conveyor for subsequent operations The first conveyor, there- 
fore, runs continuously, the second intermittently On the first 
conveyor each panel trips a lever registering one count on the 
counter before falling on the stack being formed on the second 
conveyor. When the stack reaches the desired number of sheets 
the switch closes, starting the intermittent nveyor motor. When 
the counted stack has been moved away required distance, 
the counter’s switch opens, stopping the conveyor in time for 
the next panel to start a new stack 


MARKING LOTS: Paper working machinery, such as that used 
in producing napkins, must be provided with a means for mark- 
ing the quantity to facilitate packing. This is accomplished by 
offsetting single sheets at intervals of one dozen, for example 
To do this, the marking mechanism can be operated by a 
solenoid which in turn is controlled by this counter 


OPERATIONS SYNCHRONIZED WITH MEASURED FOOT- 
AGE: Many materials produced in continuous lengths or rolls, 
such as paper, metal sheet, fabric, and wire, require marking, 
inspection, cutting or similar operations at measured intervals. 
These operations are regulated by driving with a rotating shaft 
which bears a fixed relation to footage produced. The drive 
ratio is selected so that one lineal foot or yard, of material 
is equivalent to one count on the counter. If the material eup- 
ply is depleted before a cycle is completed, the counter can be 
reset to zero for a new start when the material is replenished 


COLLECTING DEVICES: High production machines often re- 
quire mechanical collecting or bundling devices to remove 
finished goods in lots of predetermined size. 


COIL WINDING MACHINES: This counter can be employed 
for controlling motors used in coil winding where an accurate 
number of turns is important. The winding motor will be stopped 
after a given number of turns have been made Reset is not 
required. This provides uniformity in the coils produced and 
also controls the consumption of wire 
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NE W COMPONENTS—MATERI 


Rubber O-Rings Display 
Low Compression Set 


Considerable research and experimentation have resulted 
in the manufacture of precision O-rings that provide hy- 
draulic seals resistant to petroleum oils and most hydro- 
carbons. They are efficient under static conditions at either 
high or low temperatures. Available at present in semi- 
commercial quantities and in a limited number of small 
sizes, the O-rings are molded from a mixture of silicone 
rubbers which are more resistant to deformation under 
compression than either natural or synthetic rubbers and 
which are claimed to retain flexibility even at temperatures 
of —65 F and lower 

The rings can be secured in sizes ranging from 3/32 to 
2% in. ID. In thickness they vary from 0.050 to 0.070. 
However, O-rings in other sizes can be made on order. 

Frederick S. Bacon Lab., 192 Pleasant St., Watertown 72, Mass. 


Physical Properties of Silicone Rubber 


Tensile Strength at Break psi 

Percent Elongation at Break 

Hardness Shore A2 

Compression Set at 300 F 

Brittle Point F 

Percent Swell in Representative Fluorocarbons, Chlori- 
nated Biphenyls and Petroleum Oils 

Color 


ALS 


AND гате 52 . 3 continued 


Comparison Set Characteristics of 
Various Rubbers 


set silicone rubber 


Nitrile rubber 


SJ] how compression 


- --- Originol thickness ---- * 


SM 


я .Compressed . 
thickness 


L. _ Thickness ofter | 
Pl remow! of compound i 
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Portable Gage Rapidly Checks Thickness of Sheet 


Available now is a portable gage with which sheet and 
strip stock can be measured quickly. With it the — 


and issuance of proper stock sizes can be assured, and thic 
ness of plating can be determined by measuring stock be- 
fore and after the plating operation. 

The measuring operation is performed by sliding the 
sheet between the upper and lower anvils of the gage 
which are wide-faced and spring-loaded to hold the gage 
peu ular to the sheet surface. When they are released 
by a retraction lever built into the handle in a normal grip- 
ping position, the distance between them as they touch 
the surface of the sheet is registered by the gage's dial 
indicator. The dial indicator is graduated in 0.001 in 
increments 

The gage can be furnished with either a direct or con- 
tinuous reading dial indicator. For sorting purposes, a 
direct reading dial is preferable. For checking the thick- 
ness of plating, a balanced dial is more practical since it 
shows variations on either side of the zero mark. These 
represent the nominal thickness of plating required. 


Federal Products Corp., 1144 Eddy St., Providence 1, R. I. 


Circle No. 4 on Reader Service Card 


CONTINUED ON PAGE 168 


PRODUCT ENGINEERING — FEBRUARY, 1951 





For Bigger Selection 
. o o Better Quality 
eee turn fo your CRANE Catalog 


There’s no better place to find the piping equipment you need 
than in your Crane Catalog. For it contains the world’s most 
complete selection of quality piping materials . .. and lists them 
so you can find everything easily and quickly. 


All piping procedures—from original design to final product 
assembly—are simplified when you're able to specify and get 
everything from one supplier... Crane. In addition, Crane gives 
your product added value in the eyes of your customers. For they 
know from experience that Crane stands for the best in quality 
piping. 
CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 
RUGGED AND DURABLE, Crane No. 440 Brass 


Gate Valves bave accurately guided double 
disc, and parallel seats. All parts, except pack- 


ing and wheel, are high grade brass. Risin, 
6 PIPING EQUIPMENT FOR EVERY DESIGN ave bigh g Rising 


stem; screwed ends. Working pressures: 125 


pounds steam; 200 pounds water, oil, or gas. 
FROM ONE COMPLETE LINE. .. CRANE 505i. See No.49 Crane Catalog, p.16. 


GLOBE 


— 


Circulating Unit, Poro-Seal 
Casting Sealer System by 
Tincher Products Co., Syca- 
more, Illinois. 


BOLTS AND SCREWED 
GASKETS FITTINGS 


EVERYTHING FOR 
EVERY PIPING SYSTEM 


VALVES « FITTINGS » PIPE « PLUMBING AND HEATING 
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NEW 


COMPONENTS—MATERIALS AND 


PARTS continued 


Fuse Cutout For High Capacity Distribution Feeders 


Offered is an indicating fuse cutout for use on high 
power capacity distribution feeders, for fusing distribution 
transformers or for line sectionalizing where load currents 
do not exceed 100 amp continuous rating but where the 
available short circuit currents require high interrupting 
capacity. The interrupting rating is 5,000 rms amp at 
5.2 kv and 8,000 rms at 2.5 kv. 

The housing of the cutout is constructed of wet-process 
porcelain, glazed inside and out. Cemented to the back 
is a hanger support for mounting the cutout on a cross- 
arm, wall, or steel framework. Contact clips and terminals, 
which are silver plated, are cemented into the housing 
interior and two large diameter silicon bronze screws are 
provided for clamping the line conductor. 

The molded textolite door, which is hinged to the hous- 
ing so that recoil forces act to hold the door closed, carries 


the fuse holder tube whose silver coated contacts fit into 
those of the housing. A synthetic sponge rubber barrier 
which is cemented to the barrier supporting the fuse holder 
tube forms a seal between its contacts to prevent arc gases 
from causing flashovers. A fuse link cable coming out of 
the fuse holder tube is pulled tightly over a spring-operated 
indicating arm and clamped with a knurled nut to the lower 
contact of the fuse holder tube. 

In operation, as soon as the fusible section of the fuse 
link cable melts, the spring pressure of the indicating arm 
pulls the fuse link cable downward and out of its tube 
assuring rapid arc interruption even at low currents. After 
the cutout has operated, the indicating arm, projecting 
downward from the bottom of the door, shows that the 
fuse has blown. 


General Electric Co., Schenectady 5, N. Y. 
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Indexer Rotates Work For Operations 120 Deg Apart 


Locating work pieces in three positions 120 deg apart 
for milling, drilling, tapping, punching, and similar ma- 
chining operations can be performed by an indexer, which, 
it is claimed, speeds and simplifies the job. 


This indexer is constructed with a base for horizontal 
mounting and a mounting surface at right angles for ver- 
tical use. The indexing mechanism may be operated by 
air or hydraulically and may be connected with table con- 
trols on the machine so that it will be fully automatic. Thus 
the fixture can be set up to follow a complete cycle of 
operations without attention from the operator, except for 
placing and removing work. The reduced cycle time result- 
ing from the avoidance of time consuming adjustments and 
set ups between operations increases production and de- 
creases labor costs. 

The spindle of the indexer is provided with a flanged 
mounting for convenience in attaching work-holding fix- 
tures. The indexer plate can be replaced with a 24 position 
indexing plate that allows an indexing range of 4, 6, 8, 12 
and 24 positions. Examples of the types of operations in 
which this indexer finds its use are the milling of slots, key- 
ways, flats, flutes, notches, squares on tap shanks, and 
tangs where regular spacing is required. The sharpening 


— 


of cutters, reamers, taps and counterbores is another field 
in which this product is of value. 


Erickson Steel Co., 2309 Hamilton Ave., Cleveland 14, Obio 
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NEW KIND OF SANTA CLAUS 
HAS WHOLE BAGFULL OF NEW TRICKS! 


SANTA HAD TO BE BIG . . . he had to be beautiful! 
He had to be light . . . and he had to let light shine through. He must 
pack and ship well . . . stand heat and cold . . . keep his ruddy 


complexion indoors and out. Truly a problem Santa Claus! 


NOMA ELECTRIC COMPANY, old hands at using plastics, 

chose Prolon Plastics to do this difficult custom-molding job for them. 
Injection molded of polystyrene, Santa stands 30" high. 

Few plastic molders have machines big enough to do this job... 


and still fewer molders have the necessary experience and skill. 


PERHAPS YOU, TOO, have a difficult problem? Maybe you 


haven't thought of using plastics? In any ease consult Prolon Plastics 
research and planning department . . . no Gbligation. 
Prolon Plastics is a division of Pro-phy-lac-tie Brush Company. 


Pioneers in plastics with over 100 years' of experience. Experts in all types 
of molding, die-designing and die-making. 


ARE YOU 
USING PLASTICS 
PROFITABLY? 


PROLON Re 


PLA N 1 р М PLANNING * DESIGNING * DIE-MAKING * MOLDING 


PROLON PLASTICS, A DIVISION OF PRO-PHY-LAC-TIC BRUSH COMPANY, FLORENCE, MASS, 
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NEW COMPONENTS 


> MATERIALS AN 


continued 


Instrument Quickly and Accurately Measures Color 


For the first time, color coming 
from a direct light source can be 
quickly and accurately measured by an 
instrument called a “tristimulus photo- 
meter”. Using only five electron tubes 
in a cabinet no larger than a shoe-box, 
it simultaneously determines the rela- 
tive strength of the three basic color 
components in a light source under 
study and gives an instantaneous read 
ing. Previous methods of color speci- 
fication require roughly one-half hour 
of measurement with a spectrometer 
followed by several hours of compu- 
tation. Though the spectrophotometric 
method gives a higher degree of ac- 
curacy, the tristimulus photometer can 
give values of the three color com- 
ponents sufficiently peu for every- 
day engineering work and can readily 
distinguish between two different color 
samples which are so close in value 
that they would appear identical to 
the eye. 

Although designed specifically to 
provide a laboratory and studio check 
on the faithfulness of color reproduc- 
tion in color television, the instrument, 
since it can determine the values of a 
reflected light source as well as a di- 


rect one, may also have valuable appli- 
cation in the textile, paint and other 


industries where color matching is 
critical. A direct-reading electronic in- 
strument had been designed by the 
National Bureau of Standards of the 
U.S. Department of Commerce, which 
can define the components of reflected 
light, but it cannot handle a direct light 
source such as that of a 
screen. 

The new instrument consists essen- 


television 


tially of an "eye" and a "brain". The 
"eye" is made up of a lens which 
focuses the light under study onto a 
mirror assembly designed to split the 
beam into three parts of equal inten- 
sity. The three beams then pass 
through three filters, each sensitive to 
a range of wavelengths corresponding 
to the basic color components 

The "brain" of the instrument starts 
with three photo-cells, one for each 
filter. The photocells convert the light 
energy to electrical energy which passes 
through circuits, each of a different 
design to compensate for the mathe- 
matical dissimilarities between the three 
color components. Finally, a corrected 
value for each component is read on 
microammeters 

The readings are in terms of the 
three theoretical basic components, as 


defined by the International Commis- 
sion of Illumination by which any 
color in nature can be described in 
standard terms. The filters select the 
closest real approximations to the theo- 
retical primaries, which are referred 
to in colorimetry as X, Y and Z. Then 
the electronic circuits mathematically 
"shape" the actual values, transform- 
ing them to the theoretical values of 
LC.I. color specifications. 

The theoretical color values have no 
counterparts in the realm of actual 
colors, but their use does away with 
the use of negative quantities of light 
in the mathematics of color definition. 
However, by employment of the theo- 
retical primaries, a practical system of 
color measurement is attained. 


Radio ( 
30 Rockefeller Plaza, Neu 


orp. of America, 


York 20, N. Y. 





TRISTIMULUS SPECIFICATION 
OF THE LCI 
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SPECTRAL RESPONSE OF THE 
PHOTOMULTIPLIER TRISTIMULUS 
METER 
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Design Sheets free on request to designers and engineers. Write 


Machine 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 1, OHIO 


1951 


FEBRUARY, 
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APPLICATIONS 









P279 


^: ^ UNLIMITED 


As infinite as the potentialities of American engineering. signer or engineer . . . because of the unique operational 
Such are the properties of Sirvene. An “unknown” to problem with which you are confronted. Guided by 
solve tough pliable parts problems . . . today, a pressure your specifications, Chicago Rawhide engineers develop 
cooker seal .. . tomorrow, a diaphragm for super-sonic a special design, create a new compound, and produce, 
aircraft. in quantity, the resulting custom-built part under strict 
You see, Sirvene is not a single product. It is the laboratory control. Consequently, in each case, the part 
name which identifies the solution of many different possesses whatever combination of physical properties 
problems embodied in the design and development of and characteristics you require. The degree of flexibility, 
mechanical parts made from scientifically compounded hardness, resistance to extreme temperatures, pressures, 
elastomers (synthetic rubber). A group of elastomers fluids, gases, abrasion and wear is exactly right. 
devised to meet unusual design and performance Sirvene serves dependably in thousands of unusual or 
specifications. difficult situations and it can do the same for you. 
The original need is determined by you...the de- Truly, Sirvene applications are unlimited. 


CHICAGO RAWHIDE MANUFACTURING CO. 


ENGINEERS: For basic information, write for 
а а 1299 Elston Avenue SIRVENE DIVISION Chicago 22, Illinois 


your copy of “Engineering with Sirvene”. There 
is no charge. 





Cryp M ENWN| TH 

Айы. DLU GANG 
SIPVIS PERFECT Oil Seals 

€ a nm n THE SCIENTIFIC COMPOUNDED ELASTOMER 


other products give dependable service dustrial machines than any other 
under difficult operating conditions. shaft-type sealing device. 








NEW 


Control Valve Modulates 
Flow in Accordance 
With Temperature 


Here is a control valve that maintains the cooling or 
heating fluid of a process, machine, or piece of equipment 
at a constant temperature. Keeping the temperatures con- 
stant prevents machine damage or delays caused by over- 
heating or excessive cooling. Moreover, since water flow 
is limited to what is really necessary, water savings are 
considerable. Even where cooling water is recirculated 
through cooling towers, the cost of cooling tower equip- 
ment can be reduced because less capacity is required. 

This self-contained unit consists of a compact bellows- 
packed valve with stainless steel trim and monel bellows, 
a capillary tube, and a thermostat bulb. The flow through 
the valve is automatically modulated in accordance with 
the temperature at the bulb. It is built in two styles. For 
heating, there is a direct acting model whose valve closes 
as the bulb temperature rises. For cooling, there is a reverse 
acting model whose valve opens as the bulb temperature 
rises. Both are available in 3, 3, and 1 in. sizes. The 
maximum pressure rating is 125 psi. They are to be had 
in temperature ranges up to 250 F and can be furnished 
with an adjusting screw with which adjustment over the 
temperature range can be made in a single turn of a dial 
knob or control handle. The bulb can be inserted in the 
side of the sump by-drilling and tapping a hole. If it is 
desired to remove the bulb without draining out the oil, 
a bulb well can be used in place of the tank adapter. 

Applications include installations using water, oil, steam 
and other fluids. Examples are hydraulic machinery, high 
speed machinery using lubricating oil which must be cooled, 
heat exchangers, steam processing and cooking equipment, 
ovens, dryers, sterilizers, and washing or plating tanks. 


Industrial Control Div., Sterling, Inc., 
3738 N. Holton St., Milwaukee 12, Wis. 


COMPONENTS — MATERIALS 


AND continued 


Od return from Oi! cooling heat 
` sum 


exchonger 


Control bulb 
in od jump, 


~-~ Temperature control 
volve 


—- 


Overheafed wafer 
discharged fo drain 


Oil fo sump 

A HEAT EXCHANGER is used to cool the hydraulic oil in a 
hydraulic injection molding press in a plastics plant. The oil cir- 
culates through the heat exchanger and returns to the sump. The 
bulb of the control valve is located in the oil sump so that 
whenever the oil temperature tends to rise above the setting, the 
control valve opens wider and allows more cooling water to flow. 
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Heat Treating Control Regulates Surface Carbon Content of Steel 


The carbon potential of the atmosphere of a heat treat- 
ing furnace can be measured and controlled directly in 
terms of percent carbon by a control system that automat- 
ically increases or decreases the carbon potential as required 
for whatever work may be in the furnace—surface carbur- 
izing, homogeneous carburizing, carbon restoration, hard- 
ening and annealing. It is claimed that with this control 
heat treaters can regulate the surface carbon content of 
steel as accurately as they regulate temperature. The achieve- 
ment of this goal has been brought about only after a tho- 
rough investigation of the problem. 

The principal feature of the carbon control system is a 
detecting element that projects into the furnace work 


chamber like a thermocouple and electrically "senses" the 
carburizing potential of the furnace atmosphere. Con- 
nected to this element is a controller that automatically 
adjusts the flow of carburizing fluid to hold the carbon po- 
tential of furnace gas at any selected value between 0.15 
and 1.15 percent carbon. For the heat-treater's guidance, 
a recorder draws a continuous record of percent carbon 
as detected by the detecting element. 

This control system is supplied only for use with the 
manufacturer's furnaces. It can be ordered as an integral 
part of new equipment, or it can be added to certain fur 
naces now in service. 

Leeds & Notbrup Co., 4934 Stenton Ave., Philadelphia 44, Pa 
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NEW 


COMPONENTS—MATERIALS 


AND PARTS 


continued 


Demineralizer Provides High Purity Water 


Designed to provide high purity water in quantities up 
to 10 gal per hour for laboratories and others, this demin- 
eralizer is claimed to operate at a fraction of the cost of 
producing distilled water of equivalent ionic purity. More- 
over, no heat or steam is required to operate it, and there 
is nothing to get out of order. 

Purification takes place within the cartridge. Water 
enters at the bottom, passes through resins which clean it 
and leaves at the top. To replace exhausted resins, the 
cartridge is removed by loosening the nut at its base, the 
resins are dumped and fresh ones inserted, and the cart- 
ridge is restored to its former position. 

At the top of the demineralizer is a meter which pro- 
vides continuous indication of the purity of the water 
being produced and gives warning when the resins are 
exhausted. At the bottom is a flow meter containing a 
metal float that enables the operator to adjust intake flow 
to the most efficient rate by holding the water pressure 
to a point where it lifts the metal float to a designated 

optimum pressure line etched in the flow meter. 

The demineralizer's capacity is obtained by dividing 1100 
into the grains per gallon of natural water. From natural 
water containing 5 grains of solids, one resin charge pro- 
vides 200-300 gal of water with less than 5 parts per million 
of ionizable salts and a pH of 6.5 to 7.5 


Penfeld Mfg. Co., Inc., Meriden 
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Control Regulates Low Differential Pressure 


These controls are for application on very low differen- 
tial pressure where regulation is required in inches of water, 
either pressure or vacuum, and where a leak path between 


diaphragm and atmosphere cannot be tolerated. They 
have been developed to be air tight on both the vacuum and 
pressure side of the diaphragm. This is accomplished by em- 
ploying two diaphragms, each having one side open to 
the atmosphere with the other side connected to the source 
of pressure or vacuum. Two disks attached to the ends 
of a single shaft actuate the micro switch. Adjustment 
of range is obtained by spring loading of the shaft. No 
leak is possible between the vacuum and pressure sides 
of the diaphragms since each vessel has its own diaphragm 
No seal of any kind is required 

The controls are constructed in cast 
sensitivity is made possible by use of 
neoprene rubber. Most machined parts are of — 
plated brass. These controls are equipped with a single 
adjustment for setting operating range only. The cut-in and 
cut-out points are determined by the fixed differential, 
and will provide a direct start-stop circuit without use of 
relays. Close or wide operating differentials can be ob- 
tained by selection of one of the ranges. All controls are 
provided with double throw circuit and can, therefore, be 
used normally closed or opened 

These units are 84 in 


aluminum. Their 
a diaphragm of 


wide by 7 in. high by 5 in. deep, 


and are obtainable in ratings ranging from 0 to 20 in. 
of water pressure or vacuum with range adjustment and 
with fixed differentials from 0.2 to 2 in. of water. Elec- 
trical ratings are 10 amp at 125 v or 5 amp at 250 v a-c. 
Contacts are single pole double throw. 


Coral Designs Div. of Henry G. Dietz Co., Forest Hills, N. Y 
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350,000 pounds 
of we eec 


Left, Twin Disc Model MTS (single, dry type) Machine Tool Clutch, ond left below, Twin Disc Model MTU (double, 
oil type) Machine Tool Clutch. Six Oil Type End Twin Disc Clutches are employed in this 175-ton Gray Machine. 


You would 

expect to find 

Twin Disc 

Machine 

Tool Clutches helping to control 

this 175-ton tool —one ofthe largest 

planer-type horizontal boring, drill- 

ing and milling machines ever built. 
And you will. 

In the drives and feeds on this new 

8" Gray machine, a total of six main- 


tenance-free Twin Disc Clutches are 


employed—two in the head stock 
drive, one in the table drive, and 
three in the feed drive. In every one, 
positive, dependable power trans- 
mission is a must, for this Gray is 
designed to machine cast steel parts 
weighing as much as 90 tons. 

The six clutches include both 
single acting and double acting ... 
with high torque ratings . . . with 
split-second engagement and re- 


lease, all in a compact unit. 


Clutches & Hydraulic Drives 


SP@SOOCHKLKGOeC@G@HECAGE 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin . HYDRAULIC DIVISION, Rockford, Hlino 


The proved features of Twin Disc 
Machine Tool Clutches are the rea- 
sons why so many manufacturers of 
machine-tools—from small units to 
big multiple-ton jobs like this Gray 
—specify the products that are the 
result of 32 years in pioneering 
power transmission devices. Why 
not secure complete details yourself 
on the complete line of Twin Disc 
Machine Tool Clutches? Ask for 
Bulletin No. 134-A. 


BRANCHES: CLEVELAND * DALLAS * DETROIT * LOS ANGELES »* NEWARK • NEW ORLEANS + SEATTLE + TULSA 
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NEW COMPONENTS 


— MATERIALS AND 


PARTS continued 


Polariscope Measures Dynamic Stress 


POLARISCOPE can be used to study the effect of fillets and other stress relieving con- 
tours in suitable photo-elastic models. The dramatic reduction in the number of fringes 
surrounding points of stress concentration effected by apparently minor contour changes 
offers designers a convenient tool for the rapid determination of the optimum com- 
promise that so often determines the most successful design. 


The polariscope is an instrument 
for viewing and photographing stress 
patterns in plastic models by polar- 
ized light. The high-speed, high- 
power, stroboscope-type lamp gives 
the instrument four important advan- 
tages: the brilliant short flash of the 
lamp arrests rapid motion so that 
photographs of stress patterns can be 
made under dynamic conditions; the 
short exposure (0.00004 sec) makes 
unnecessary massive, vibration-proof 
construction; because the light is rich 
in the blue end of the spectrum, proc- 
ess film can be used making for high 
photoelastic sensitivity and freedom 
from fogging under incandescent light ; 
and the power of the flash permits 
the use of a large (8-in.) field. 

Several subassemblies which make 
up the polariscope are tied together 
horizontally by two shafts to form an 
optical "bench." The light beam trav- 
erses, in order, a diffuser, a polarizer, 
the model mounted in a straining 
bridge, an analyzer, a filter, and termi- 
nates in the camera, mounted on a 
camera bridge. The polarizer-analyzer 
assemblies are identical. Both mount 
a plane polarizer and quarter-wave re- 
tardation plate, removable without 
tools, mutually rotatable, and register- 
ing for right- or left-hand circular 
polarization. Plane polarizers carry a 
degree scale calibrated from zero to 


both plus and minus ninety degrees 
for isoclinic (loci of оці halon 
stresses) determination. The camera 
bridge has a captive } by 20 in. thumb- 
screw for mounting the camera by 
means of its tripod socket. 

All elements are horizontally ad- 
justable along the shafts and vertically 
adjustable over some nine inches. Vee 
and flat ways insure optical alignment. 
Thumbscrews hold desired settings. 
The bases of all components are pro- 
vided with mounting holes for use 
when the shafts are not required. 

In experimental physics and in me- 
chanical engineering the polariscope 
has many applications. One of the 
most significant uses of photoelasticity 
is found in the growing tendency to 
study the effect of fillets and other 
stress-relieving contours in suitable 
photo-elastic models. The dramatic re- 
duction in the number of fringes 
surrounding points of stress concen- 
tration effected by apparently minor 
contour changes offers designers a 
convenient tool for the rapid deter- 
mination of the optimum compromise 
that so often determines the most 
successful design. Models must be 
made from materials that are photo- 
elastic, i.e., that exhibit the property of 
optical double refraction when sub- 
jected to mechanical loading. The best 
material is water-white Catalin, con- 
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STRAINING BRIDGE SUPPLIED is for 
certain simple setups, but for the study of 
dynamic stresses, it must be devised to fit 
the problem. Models must be made from 
materials that are photoelastic. 


LIGHT AND DARK-FIELD PHOTO- 
GRAPHS of specimens illustrate fringe 
patterns under circular polarization. 


tour-cut from sheets cast between plate 
glass surfaces. Adequate exposure is 
obtained with camera aperture of 
f/4.5 and process film. 

The model may be "ande 
at any point during cyclical loading, 
resonant or forced, or may be caught 
at the instant of failure under destruc- 
tive loading. A series of photographs 
can show rapid cyclical motion to any 
desired extent, and the growth or 
spread of sharply delineated fringe 
patterns can be studied in detail. 


General Radio Co., 275 Massachusetts Ave., 


Cambridge 39, Mass 
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Now, more than ever before, America must 
make full use of its steel-making capacity and 
conserve its natural resources. Now, more 
than ever, there is national significance in the 
phrases, “Make a ton of sheet steel go farther” 


and “Make your product last longer.” 


These low-alloy, high tensile steels do “make a 
ton of sheet steel £o farther"—for their inher- 
ently higher strength is 50% greater than mild 
carbon steel. That means, in turn, that 25% 
less section can be used with safety, and where 


rigidity is important, this can usually be 


compensated for through slight design change. 


“Make your products last longer” is no idle 
claim. The much greater resistance of 
N-A-X HIGH TENSILE to corrosion, abrasion, 
and fatigue assures longer lasting products 
even at reduced thickness. 


Explore the potential economies to be derived 
from the use of low-alloy, high-strength steels— 
and then specify them. Their use can add mate- 
rially to our national conservation program. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division, Ecorse, Detroit 29, Michigan 


NATIONAL STEEL alae CORPORATION. 
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Speed Reducer is Infinitely Variable 


Built like a speed reducer and in- 
corporating both speed reduction and 
infinite speed variation in a single 
housing, this drive delivers all speeds 
from that of the motor which operates 
it to zero. Power is transmitted by a 
roller carrier attached to the input 
shaft. Supported in the roller carrier 
are 3 tapered rollers loaded centrif- 
ugally or by spring compression against 
a hardened and ground control ring. 
The control ring is moved axially 
along its guide rods by the control 
lever. The pinions at the end of the 
tapered rollers mesh with the internal 
gear fixed to the output shaft. Speed 
is changed by turning the control lever, 
which, in turn, moves the control ring 
allowing the tapered rollers to move 
in or out on the roller carrier 

Simplicity in construction, it is 
claimed, has been brought about by 
the use of two identical housing halves 
to replace the customary one piece 
housing with end covers, by fixing a 
disk type roller carrier directly to the 
motor shaft, and by piloting the con- 
trol ring on long rods to give rigidity 
and accuracy of speed setting. The 
tapered rollers and the input and out 


Confro 


lever 


Control ring guide rods 


put shafts turn in matched and pre 
loaded ball bearings. The rollers and 
control ring are made of SAE 4618 
steel case hardened to 60 to 64 Rock 
well C to a depth from 0.090 to 0.100 
in. and are ground to a tolerance of 6 
micro inches 

The drive is available in sizes from 
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14 to 5 hp and may be had with or 
without a motor. Available for use 
with the unit are lever and microm- 
eter controls as well as several types 
of remote control suitable for auto- 
matic speed control of processes. 


Transmissions Inc.. 
Milwaukee 12, Wi 


Graham 


3754 N. Holton St 


Coupling Shuts Off Power and Resets Itself 


Machine tools, processing equip- 
ment, conveyors, and similar _equip 
ment can now be provided with flex 
ible coupling with a cutout feature that 
shuts off the power whenever overload 
occurs and resets itself automatically 
This action prevents the shearing of 
pins and saves the time required to 
replace them 

The cutout function of the coupling 
is provided by a spring loaded cam 
that transfers the driving torque to a 
sliding sleeve. As the torque increases, 
the sliding sleeve moves axially away 
from the driving member against the 
back pressure of a compression con- 
trol spring whose size determines the 
torque limit. At a predetermined 
point, it actuates a limit switch which 
cuts the power to the drive motor 


Ancbor Steel 


6906 Kingsley Are 


and Conveyor ¢ 


Dearborn, Міс! 
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Maybe Stackpole’s 


WELDING OF THE "UNWELDABLE" 


A 


Carbon contacts or 


к= 
AN brushes welded to metal 
tad 
NI 
(1 


arms, supports or holders 


Carbon welded to 
phosphor bronze or 
beryllium copper leaf spring 


Q 


Carbon welded to metal plate 


for friction drive 


can save you money 
....Jncrease your 
product efficiency 


A unique new process makes it just as practical to 
weld carbon to metal as it is to weld metal to metal 
in most cases. Thus, by joining this heretofore un- 
wettable refractory material with metal supports, you 
gain all the advantages of carbon for contacts, small 
brushes, friction devices and other purposes— while 
eliminating costly fixtures formerly necessary in bolting 


and clamping tbem in place. 


For example, this new method permits welding 
carbon contacts directly to metal arms. Carbon 
brushes can be soldered to phosphor bronze or 
beryllium copper leaf springs. Brush holders and 
shunts are eliminated. Equipment design is simplified. 
Carbon friction discs can be silver soldered directly 


to metal backing plates and so on. 


Frankly we have not yet uncovered all the many 
jobs where this unique carbon-to-metal welding 
process can be applied. Minor limitations apply in 
some cases but these are seldom much of a factor. 
Stackpole engineers welcome the opportunity to co- 
operate on any problem where the method might 
pave the way to a worthwhile cost saving for your 


product, or an increase in its efficiency. 


STACKPOLE CARBON COMPANY 
ST. MARYS, PA. 
"m 


STACKPOL 


EVI BT 7T E O E 
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ALS AN D PARTS continued 


Control Instrument Makes Tube Rolling Easy 


Designed for use with expander guns in the rolling of 
both ferrous and nonferrous tubing, this electrically op- 
erated control instrument has been simplified in order 
to promote ease of operation and maintenance. It has only 
two electrical working parts, and these are shockproof 
mounted and enclosed in an aluminum cabinet. The elec- 
trical parts form a separate removable unit which can be 
replaced when necessary without special skills. The con- 
trol unit is light in weight, and is easily moved on the 
job. Absence of a voltage regulator adds to the mobility. 

Dial settings on the control panel are calibrated over 
a wide range of sizes and gauges. The expanding gun is 
plugged into the control unit, and the dial setting for the 
desired size and gauge of tube is made. Slight pressure on 
the handle of the gun engages the control in the circuit. As 
soon as the tube is rolled to the proper degree, the control 
cuts off the motor. Removal of expander is also simplified ; 
the expanding gun motor automatically reverses when pres- 
sure on the handle is released, and the expander can be 
easily withdrawn from the rolled tube end. 

In tubes rolled by this controlled method, over expand- 
ing of tube ends cannot occur. This reduces cold worked 
stresses, tube-end thinning and early tube failures. Radial 
and hoop stresses in the tube sheet are avoided because 
drillings are not enlarged or distorted. Under expanding, 
too, is prevented, assuring tight joints on the initial test 
and during operation of the condensing unit. 


CONTROL INSTRUMENT, shown in insert, has a calibration 
chart by means of which dial settings can be made for a wide 
range of sizes and gauges of ferrous and nonferrous tubing. 


Crane Packing Co., 1800 Cuyler Ave., Chicago 13, Ill. 
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Switch Provides One-Way On Period 


A snap-action, momentary-type electrical switch has been 
designed which provides a definite one-way "on" period. 
It completes the circuit for a small, pre-determined part 
of the plunger's forward stroke and then gives release to 
the impulse as the plunger advances. No further action 
results for the remainder of the plunger's over-travel nor 
on the return stroke. The one-way mechanism can be 
actuated by very short movements 

This type of switch action permits the use of simplified 
controls and makes unnecessary time delay relays, com- 
plicated actuating dogs and additional switches. For ex- 
ample, it is pointed out that in switching operations where 
a pulse to a solenoid or starter is needed, this allows the 
solenoid valve to be returned when it receives a pulse from 
the circuit controlling the return solenoid. 

Other advantages claimed for this single-pole, double- 
throw switch for alternating current circuits are accurate 
repeatability, long contact life, high electrical capacity and 
double-break contacts that provide two separate circuits. 
Small, compact and light weight, it is a plastic encased unit, 
enclosed in a die cast aluminum housing. The housings are 
available in a variety of styles for both general-purpose and 
splash-proof applications. Tests indicate that the splash- 
proof уре are resistant to moisture, dust and other foreign 
matter that might jam the plunger in its bearings. A rubber 
boot retains its flexibility ~~. —67 to +160 F. Choice 


Circle No. 16 on 
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of wiring includes: single-pole double-throw ; two circuits; 
normally-closed; or normally open. 


Electro-Snap Switch Div., Exhibit Supply Co., 
4218-W. Lake St., Chicago, Ill. 
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Every month Product Enginees- 
ing describes in detail the most 


able from manufacturers. To 

obtain additional information on 

these new products and to get 

copies of any manufacturer's bul- 

letin of interest to you, use the 

postcards on these pages. 69 70 71 72 73 74 75 
68 89 90 91 92 93 94 9S 96 


USE THIS AUI 


- For further information on | 
products described in the | 
New Components, Materials, | 
and Parts Department, circle 
the postcard number. 


* For additional information 
on products advertised in | 
this issue, fill in numbers of 
the pages on which the prod- 


advertisers initial if more 


— b BUSINESS REPLY CARD 
name if pages are unnum- First Close Permit No. 64, (Sec. 349, P. L & R) New York, N, Y. 


bered. 
Readers’ Service Department 
PRODUCT ENGINEERING 
330 West 42nd Street 
New York 18, N. Y. 


* For copies of any manu- 
facturers’ bulletins described 
on page 202. and following, 
circle postcard number. 





READER: 
SERVICE 


Getting ALL the informa- 
tion about ALL of the signif- 
icant new developments in 
the design field every month 
is a tough . . . and time con- 
suming ... job. To save you 


 -— | time, the editors of Product 


330 West 42nd Street 
New York 18, N. Y. 
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| Engineering screen hun- 
| dreds of new products each 
| month, select the outstand- 
ing ones, and check the 
manufacturer of each for 
| additional information on 
| construction, operation, and 
| applications prior to describ- 
| ing them on the editorial 
pages. They scan scores of 
| new catalogs and bulletins, 
| Present summaries only of 
| the ones they know will be 
| of interest. 
| The result is time saved... 


_| for you. All you have to do 


| to get further information 
| is to fill in the easy to use 
| postcards on these pages. 
| ProductEngineering's Read 
| ег Service Department will 
| do the rest. Note: Please 
| reserve one of these cards 
| for the engineer who gets 
| the issue after you. He too 
| is interested in new devel- 
| opments. 

For new Catalog and Bul- 


| 

| letins descriptions turn to 
| Раде 202. 
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THE V-BELT CLUTCH has a redesigned shifting sleeve whose con- 
struction simplifies installation and reduces the misalignment and wear 
of the shift lever by changing the point of application of the force. 


ATERIALS 


AND continued 


Shifting sleeve 








DESIGN CHANGES IN THE SHIFTING SLEEVE are 
shown by a comparison of the former clutch (upper draw- 
ing) and the new product (lower drawing). 


Shifting Sleeve for Clutch Reduces Friction Wear 


Installation of the clutch assembly has been simplified 
and misalignment and friction wear of the shift lever have 
been reduced by the redesign of the shifting sleeve of 
this manually operated V-belt clutch. 


In the former design the sliding disk engaged the V-belt 


under pressure from its shifting sleeve. The shifting sleeve 
was operated by a shifter lever whose friction shoes or 
yoke fitted the groove in the shifting sleeve. 

In the new design, the hub of the clutch has been 


lengthened to envelope the end of hub and provide a 
hardened steel ball. This ball is the point of application 
of the force by means of which the sliding disk of the 
clutch engages the V-belt. The user supplies a lever suit- 
able for this purpose. It is made of ү; in. by $ іп. strap 
stock, drilled to receive swivel clamps and pivoted in a 
way such that it keeps the weight on the ball at a minimum. 

V-Belt Clutch ¢ 


418 N. Western Ave., Los Angeles, Calif. 
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Electronic Timer Requires No Standby Filament Current 


Now on the market is an electronic timer that includes 
among its design features a cold cathode tube which 
obviates the continuous operation of a filament during 
standby periods. Moreover, no recharging time is required 
by the timing condenser before the start of the next cycle. 

Although it is believed to be the smallest general pur- 
pose electronic timer, it has a relay rated at 8 amp. Single 
pole, double throw load contacts are independent of the 
timing circuit. Direct current, obtained from an internal 
rectifier, permits the timing of intervals of less than 1 sec 


with accuracy. Control of spot welders, sequence control, 
processing, and monitoring machine output are anmong the 
short interval timing applications for this product. In spot 
welding, for example, the timer will compensate for the 
loss of heat due to a drop in line voltage by increasing 
the time. 

The unit comes in 4 time ranges, 1.5, 3, 6 and 12 sec. 
Any line voltage from 105 to 125 v a-c is allowable. 


Farmer Electric Co., 21 Mossfield Rd., Waban 68, Mass. 
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NEW COMPONENTS — MATERIALS AND PARTS continued 


Shaker Tests Products For 
Acceleration Up To 50 G 


To a line of vibration test equipment has been added 
a shaker for U. S. Air Force specification testing, for diagno- 
sis of product faults or weaknesses, and for destructive 
fatigue testing. Acceleration up to 50 g, which, it is 
believed, has hitherto been unobtainable by brute force 
shaking, can now be secured if mass loads are 3 Ib or less, 
and Air Force specifications for testing at an acceleration 
of 20 g can be met if inertia loads are not more than 
14 Ib. With no load on the armature, 54.5 g acceleration 
is possible. A g acceleration at any inertial table load is 
equal to or greater than 450 + (8.25 + table load) at any 
frequency over 20 cps where this vector acceleration is 
produced at a vector displacement of less than 0.25 inch. 

The vibrating element is trunnion mounted on a cast 
base for vertical or horizontal operation. Attachment to 
the shaking table is made by bolting into replaceable steel 
inerts. The table is situated at the opposite end of the 
armature from the coil and is shielded from strong mag- 
netic fields. The armature itself weighs 8} lb, and its flexure 
stiffness is 240 Ib per in. Its total stroke is 1 in. with an 





automatic overtravel cutout. The unit has only one flexure 
resonance in the operating range up to 500 cps, and its 
vector force output is 450 lb at 40 C armature tempera- 
ture rise. Allowable temperature rise is 100 C. | . ) pe 

For control of this equipment at its rated output, the учу KX, 


manufacturer can furnish a control console which houses 
all controls, indicators, condensers for power factor cor- 
rection, circuit overload and short circuit protection, and 
switch gear. For the power supply, there is available a 
motor generator set that provides 1.5 kva from unity to 
0.5 power factor with ample reserve and good wave form 
over a frequency range from 2 to 500 cps 


В‏ کی کے 


YN { 





The Calidyne Co., 751 Main St., Winchester, Mass. Frequency -cpe 
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METERS to measure the strength of 
audio signals of communications equip- 
ment are 1} in. square or 1} in. in 
diameter. They have a D'Arsonval 
type movement, an arc scale 1.3 in. 
long and a di-electric strength of 1,500 
v. International nstruments, Inc., New 
Haven, Conn 
Circle No. 20 on Reader Service Card 


SOLENOID VALVES in miniature 
two-way or three-way models, handle 
liquids and gases up to 212 F. Auto- 
matic Switch Co., 379-C Lakeside 
Ave., Orange, N. ] 
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TEFLON INSULATORS for high 
voltage, high temperature and high 


182 


frequency service have a power factor 
of 0.0005, dielectric constant of 2.0 
and are serviceable at temperatures 
from —90 F to 500 F. U. S. Gasket 
Co., P. O. Box 93, Camden, N. J. 
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ALUMINUM SOLDER FLUX can 
be reactivated with water after drying 
out. It can be used with any aluminum 
solder rods, and with it aluminum can 
be soldered to other metals. All-State 
Welding Alloys Co., Inc., 273 Ferris 
Ave., White Plains, N. Y. 
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CLEANING TISSUES for goggles 
and glasses are silicone treated sheets 
interfolded for handling in a simple 


dispenser. It is claimed that these 
tissues, which are sold in sealed car- 
tridges, are larger than others and the 
dispensers are more easily filled. Sili- 
cone Paper Co. of America, Inc., 230 
Park Ave., New York 17, N. Y. 
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SHOCK MOUNTS, constructed com- 
pletely of metal, have metal springs 
to handle static deflections and com- 
pressible, resilient, knotted wire pads 
to provide vibration damping. Also 
announced are shock mounts which 
provide air damping for lightweight 
airborne equipment installed in re- 
stricted space. Barry Corp., 174 Sid- 
ney St., Cambridge, Mass. 
Circle No. 25 on Reader Service Card 
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... EXCESSIVE HEAT 


In friction materials, 
R/M has the answer! 


Heat naturally affects the operation of all 
brake linings and clutch facings. Continuing 
design changes have made high tempera- 
tures an even greater problem. But R/M 
has engineered in advance of the need . . . 
producing brake and clutch friction mate- 
rials that take high temperatures in stride. 
Some of these products are woven, some 
molded, some semi-metallic, some full me- 
tallic. Each is available in a variety of types 
to meet specific conditions. 


R/M also produces friction materials that 
successfully overcome such operating prob- 
lems as low temperature, heavy moisture, 
immersion in oil and grease, noise and 
“grab.” And they're ready to help you with 
any problem on friction materials for auto- 
matic transmissions. 

Al! the facilities of the world's largest 
maker of friction materials, with four 
great plants and laboratories, are yours 
when you call in your R/M representative! 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION 
445 Lake Shore Drive, Chicago 11, Ill. 


620 Fisher Bldg., Detroit 2, Mich. 
4651 Pacific Blvd., Los Angeles 11, Calif. 


1071 Union Commerce Bldg., Cleveland 14, Ohio 


Factories: Bridgeport, Conn. Manheim, Pa. 


RAYBESTOS-MANHATTAN 
Fan Belts • 


INC 
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Manufacturers of Brake Linings • 


КА Radiator Hose . Mechanical Rubber 
“Asbestos Textiles . Powdered Metal Products 


Products • 


Passaic, N.J. No. Charleston, S.C. 


Brake Blocks » Clutch Facings 
Rubber Covered Equipment 5 
Abrasive and Diamond Wheels . 


Packings 
Bowling Balis 


FIRST IN FRICTION 
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Relays Stand Up Under 
Shock or Vibration 


Changes in the design of series of general purpose relays 
have produced a supplementary line that offers higher con- 
tact pressures and more coil power for applications where 
shock or vibration is encountered. The changes have in- 
creased the length of the relay frame by in. and have 
increased the size of the coil bobbin. However, the panel 
mounting space requirements and the contact construction 
are the same 

These relays are used for remote control of electric heat- 
ing, lighting and single phase motor loads. Moreover, they 
find application in circuit switching and as electrical inter 
locking remote control devices on phonographs, wire 
recorders, vending machines, mobile radio telephone equip- 
ment, traffic: control and electronic instruments. Remote 
control multiple relays permit the use of simple control 
accessories, and relays provided with series coils are suited 
for electronic circuit applications ] 

All the relays in this line has the same magnet frames, 
armatures and mounting bases; they differ only in the 
contact pile up assembly. Two types of contacts are fur 
nished. One is a cross bar fine silver type which is welded 
to a nickel silver or phosphor bronze contact spring. The 
other is a 7/32 in. dia button type fine silver contact which 
is riveted to a beryllium copper contact spring 


AND PART 


continued 


аен ay 


RBM Div., Essex Wire Corp., Logansport, Ind. 
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Mass Spectrometer Extends Range and Scope 


A redesigned mass spectrometer has retained all the per- 
formance characteristics of the preceding model but has 
extended their range and scope. Further, a number of the 
electronic control circuits have been modernized for greater 
reliability and ease of maintenance, and new features have 
been added. 

An ion source and a stainless steel analyzer replace the 
previous ionization chambers, analyzer tube, and glass en 
velope. This change provides inherent sensitivity about 
ten times more than hitherto available. The resolving power 
is increased to extend the mass range to 400 and can be 
adjusted during operation. This means that for normal 
operation in the lower mass ranges the resolving power 
can be set to provide the optimum in scanning speed, sensi- 
tivity, and peak shape, yet can be readjusted quickly by 
means of a dial setting for high mass work, or for separat- 
ing, say, CO, and propane. Still another feature permits 
the suppression of metastable when desired. This 
provides a "cleaner" spectrum and facilitates identification 
of unknown compounds. Alignment shifting has been 
overcome, electrical leakage has been minimized and other 
causes of instability have been reduced 

This model features a sample introduction system in 
which the main body is machined from stainless steel and 


1015 


incorporates metal valves as an integral part. Direct meas- 
urements of sample pressures are made with the electronic 
micromanometer. 


Consolidated Engineering Corp., 
620 N. Lake Ave., Pasadena 4, Calif. 
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“Commercial” Ball-Bearing Data...#8 of a Series 


WE WILL BE GLAD TO SEND YOU COPIES OF THE PREVIOUS ADVERTISEMENTS IN THIS SERIES. 


Schatz “Commercial” 
Ball Bearings can 
reduce anti-friction 
bearing costs 35 to 85% 


Expensive precision bearings with their ex- 
tremely close tolerances are often unneces- 
sary in certain applications. 


Where the operating conditions of these 





applications are within the load and speed 
limits of Schatz “Commercial” Ball Bearings, 
you can obtain the required anti-friction 


‘ j 1 Relative costs of precision and “Commercial” Ball Bearings. In 
bearing performance—at ?4 to Vé the cost 


: very small sizes, the cost of precision bearings increases as the bore 
of precision bearings. decreases, due to the difficulty in maintaining close tolerances. The 
The savings possible in such instances are cost of “Commercials” decreases in almost direct proportion to 


the size. 
illustrated in the graph at the right e 


Schatz “Commercial” Ball Bearings are 


classified as follows 


materials, inner ring, outer ring and ball ar- 
UNGROUND—FOR LIGHT LOAD, LOW- 7 


rangement—make it possible to use a special 
SPEED OPERATION—the lowest-cost ball P ر‎ 


bearing where no standard type can fill the 
bearing available 


requirements. Costly machining and assem- 
GROUND—2.17 TIMES THE RADIAL LOAD- _ bly time required for bushings or plain sleeve 
CARRYING CAPACITY OF UNGROUND _ bearings is eliminated 


TYPE. Inner and outer races are ground to 


i : . All Schatz "Commercial" Ball Bearings, 
superfine finish for smoother, faster opera- 


г single or double row, can be equipped with 
tion and heavier loads. i 

felt or labyrinth seals, flanged or plain out- 
SPECIAL BEARINGS—ENGINEERED TO SPE- side diameters, hardened or unhardened 
CIFIC NEEDS—often at no greater cost than treads, set screws, Alemite fittings, extended 


standard types. Various modifications—in inner ring and hexagonal bore. 


Write for your copy of “Con- 
as struction and Characteristics of 


(з Low-Cost Ball Bearings.’ It tells 
@e how to select "Commercial" Ball 
Q "o Bearings for various speed and - 
: | load requirements, gives the ТҮ, ( 
Сов ВЫЙ Р : classifications of standard types $0 п 1 1 C re р 


for radial and thrust loads, and 


examples of the modifications B A LL B E RH Ң | n I" б 
that can be made for special de- 
sign,assembly or operating con- 


ditions. Ask for Catalog No. 11, 


too. It gives complete data for The Schatz Manufacturing Company 
the whole “Commercial” line. 6758 FAIRVIEW AVENUE, POUGHKEEPSIE, N. Y. 
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Volf -read 
Switch 


6 ohm zero 
adjustment 


бот коі? 


adjustment 3 volts 


S7 — — Adi] 
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Leaded Gasoline Cannot Poison Gas Indicator 


Available to the oil industry is a combustible gas indi- 
cator which cannot be poisoned by tetra ethyl lead. It 
serves as a quick index to vapor concentration and provides 
a safety gauge in handling leaded stock. With it the rela 
tively light concentrations of vapors present after a tank 
has been steamed and ventilated can be registered without 
the reading being affected by the tetra ethyl lead vapor. 

The electric circuit is a balanced Wheatstone bridge in 
which 2 legs are incandescent platinum elements known as 
filaments. Both are housed in a single cell block having 2 
chambers. One chamber is completely sealed and houses 
the reference filament. The other chamber houses the active 
or analyzing filament and is so arranged that air or gas 
can be drawn through it. When a combustible gas-air 
mixture is drawn through the analyzing chamber, it ignites 
on the surface of the analyzer filament increasing its tem 

erature. This increases the resistance of one leg of the 
Dridge and unbalances the circuit so that current flows 
through the meter. The amount of current which flows 
through the meter is directly proportional to the percentage 
of gas (by volume) present up to the lower explosive limit. 

The "Volt Adjustment" is a rheostat that controls the 
current supplied to the bridge. "Zero adjustment" is a 
slide wire resistance that compensates for filament dete- 
rioration. It is by means of this adjustment that the bridge 
is balanced to a zero reading on the meter. The meter has 
a dial calibrated in terms of percent of lower explosive 
limit of hexane-air mixture. The meter also serves to in- 
dicate that the proper voltage is being supplied to the bridge 
The electrical current is supplied by 6 dry cell batteries 

Davis Emergency Equipment Co., Inc 
45 Halleck St., Newark, N. J. 


| Manufactured gas. | | 
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| 
Proportion of lower explosive limit 


THE LOWER EXPLOSIVE LIMIT of a combustible gas or 
vapor is the lowest concentration of that gas or vapor in air that 
will burn. Assuming that the concentration of gas at the lower 
explosive limit is 100 percent explosive, a concentration below 
the lower explosive limit may be referred to the lower limit 
concentration by stating that it is a definite percent explosive. 
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Advertisement 
Universal Clear Lacquer 
Simplifies Job Scheduling 


The feasibility of using the same lacquer 
for applying clear protective coatings on 
a wide variety of metals has made pos- 
sible not only the reduction of lacquer 
inventories, but also the more efficient 
scheduling of finishing jobs. This fea- 
ture of DULAC Clear Universal Lacquer 

462 is particularly important to job 

nishing dex and is also a point of 
considerable value in the finishing rooms 
of fabricating plants handling more 
than one metal. 


"Huet luu we cut clear 


lacquer inventories in half” 


Parts of different metals can be sprayed at 
the same time by using DULAC #462. 


SAVES TIME IN COATING DULAC CLEAR UNIVERSAL LACQUER +462 


When DULAC #462 is used, there is Fully protects almost any metal! 
no need of switching from one lacquer 


to another whenever a batch of a new @ There’s no need to tie up money—and storage space—by stocking a different 
metal is to be finished. Hence the clear lacquer for every metal you coat. The experience of finishing shop after 
preparation time in the finishing room finishing shop* has demonstrated that a single lacyuer—DULAC Clear Uni- 


can be substantially reduced, with — versal Lacquer #462-gives equally outstanding protection on: 
man-hours made available for actual 


production. Jobs involving different STEEL BRASS BRONZE 

metals can be scheduled to follow one ALUMINUM COPPER CADMIUM 

another without delay; in the case of SILVER MAGNESIUM ZINC 

very short runs, many different metals 

can even be finished at the same time. This M & W lacquer is practically stands heat and cold, and has excel- 
water-white in color and forms a lent adhesion to most metals. Applied 

REDUCES CHANCE OF ERROR tough film that resists perspiration, by spray, dip or brush—dries out of 

A further advantage of using DULAC stain spotting and corrosion — with- dust in 5-10 minutes, hard in an hour. 

#462 is that it materially cuts down “Names on request? 


the danger of applying the wrong clear For complete information, write for Technical Data Bulletin 


lacquer on a given metal, and thus re- PIONEERS IN 22110 or let our M & W technical consultant discuss your require. 
duces the risk of inspection rejects or PROTECTION ments privately with you. 
service failures. 


- i f NEWARK | 
Technical Data Bulletin +110 on MAAS & WALDSTEIN COMPAN CHICAGO 12. LL. 
DULAC #462 is available from the LOS ANGELES 34, CAL. 
manufacturer, Maas & Waldstein Com- pacific COAST DIVISION: SMITH-DAVIS CO., 10751 VENICE BOULEVARD, LOS ANGELES 34, CAL 


Cia ee MANUFACTURERS OF INDUSTRIAL FINISHES 
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N E W COMPONENTS 


MATERIALS AND 


Contactor Has 50,000 Kva 
High Voltage Air 
Interruption Capacity 


The addition of this air contactor extends the ratings 
of the firm’s high voltage air contactor line for general a-c 
motor control applications up to 2,500 hp at 5,000 volts or 


3,000 hp at unity power factor 


The new rating of 25,000 amp for 30 cycles through 
current now makes it possible to use air contactors in con- 
junction with back-up breakers rated up to 25,000 amp 
interruption capacity or 150,000 kva at 4,160 v and 100,- 


000 kva at 2,300 volts 


Since the new contactor can safely 


pass 54,000 peak amp, it can be used with non-current 
limiting fuses rated at 250,000 kva at 4,160 volts. This 


contactor can also be used without 


back-up protection 


where system faults cannot exceed 50,000 kva. 
These units are said to be easy to maintain, to have long 


lasting contacts, especially for repetitive 
hazards, and to require about the same : 


a comparable oil-immersed contactor 


1 ( almer M ( 5. 7 


RAPID BAND SWITCH i on 
structed with steatite spacers having a 
high breakdown to ground rating and 
is equipped with silver plated 
brass clips and contacts. Centralab, 
Div. of Globe-Union, Inc, 900 I 
Keefe Ave, Milwaukee 1, Wis 


Circle No. 30 on Reader Service Card 


spring 


POWER SUPPLY provides high cur 
rent drain at precisely regulated volt 
ages for television 


applications. It is 
adjustable from 


250 to 300 v and de- 
livers more than 800 ma. Polarad 


Electronics Corp 100 Metropolitan 
Ave., Brooklyn 11, N. Y 
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GLYPTAL RESINS improve color re 
tention, chemical and weather re 
sistance, and drying qualities of 
As well, there is available a coating 
intermediate which provides toughness, 
flexibility, resistance to abrasion, and 
aging stability at 
tures. General 
Mass 

€ ircle No 


P unts 


elevated tempera 
Electric Co., Pittsfield 


32 on Reader Service Card 
PUMP SEALS for 


hafts to 14 in 


duty, to reduce fire 
amount of space as 


Milwaukee, Wis. 
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dia incorporate rubber friction mem 


bers in their rotating and stationary 
elements and permit hand assembly. 
Sealol Corp., 45 Willard Ave., Prov- 
idence S; E. Е. 
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TRACING PAPER is made of rag 
treated with synthetic resin. It is 
claimed to have exceptional strength, 
transparancy, reproduction qualities, 
and water repellency. K. L. H. Corp., 
Fox Island Rd., Port Chester, N. Y. 
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FLOATING ANCHOR NUT is an 
assembly of a steel nut whose locking 
section is formed by depressing 6 
threaded flanges inward and downward 
and a base made of steel, stainless 
steel, or aluminum alloy. Boots Air- 
raft Nut Corp., Stamford, Conn 
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CHAIN AMPLIFIERS, 
bandwidth of 40 mc to 220 mc, the 
other with a 100 mc bandwidth, are 
part of a new line of products which 
also includes electronic filters with a 
continuously variable cutoff range of 
20 cps to 200 kc. Spencer-Kennedy 


one with a 


PARTS continued 


Lab., Inc., 
Cambridge 


186 Massachusetts Ave., 
39, Mass. 
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RECORDING EXTENSOMETER for 
single fiber testing provides a step- 
lessly adjustable force scale over a 
range beginning at 2 grams full 
scale deflection. Three constant speed 
extension rates available. Columbia 
Engineering Associates, 1735-14th St., 
NW Washington 9, D. C. 
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MULTI-BREAKERS for 1 through 20 
circuits are rain tight. They are 
equipped with a thermal magnetic 
mechanism and give positive protec- 
tion against overloads. Useless trip- 
ping on harmless momentary over- 
load is avoided. Square D Co., 6060 
Rivard St., Detroit 11, Mich. 
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INSULATING MATERIAL, a lami- 
nated plastic for 60 cycle work, has 
high arc resistance, good dimensional 
stability, and low power loss. It can 
be molded, punched and machined. 
Formica Co., 4614 Spring Grove Ave., 
Cincinnati 32, O. 
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“XLS” BALL BEARING 


Norma-Hoffmann Extra 
Light XLS ball bearings 
are available in a size 
range from 1%" to 224" 
bore and a maximum oí 
28'' diameter. 


NORMA-HOFFMANN 
EXTRA LIGHT XLS SERIES 


Precision Bearings Provide 
greater latitude in designs 


These Norma-Hoffmann Extra Light Pre- 
cision Ball Bearings— XLS types— provide 
the solution to cramped bearing space in 
machine design. In addition to the advan- 
tages of low friction, compactness and light | 
weight, the abnormally large bores, com- | 
pared to outside diameter, give designers 
greater latitude in designs of their equip- 
ment. They are also suitable for combined 
radial and thrust loads in either direction. 
Investigate Norma-Hoffmann Extra-Light 
Precision Bearings for your designs. Our 
Field Engineers will gladly aid you in the 
application and selection of the proper 
bearing for your particular designs. Write 
for their services and catalog. 


NORMA-HOFFMANN 
КЛИ BEARINGS 


LALL + ROLLER » THRUST) 


NORMA-HOFFMANN BEARINGS CORPORATION, 
STAMFORD, CONNECTICUT 


FIELD OFFICES: Chicago, Cleveland, Detroit, Cincinnati, Los 
Angeles, San Francisco, Dallas, Seattle, Phoenix, 
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© There is No 
H Substitute 


Only with CHIKSAN Ball-Bearing — 
Joints* can you benefit ia шр: 
in the development, 
design, manufacture and application of Swivel | 
Joints for all purposes. CHIKSAN'S resources, 
facilities and personnel are concen 


CHIKSAN Engineers will gladly conde 
with you in selecting the correct Types and 4 


Styles of Swivel Joints for your particular 
requirements...and in specifying the proper 
Packing Unit for the fluid you hanglfe.This val- 
uable, experienced counsel costs you nothing. 


*For full 360° rotation in 1, 2 and 
3 planes. Unlimited flexibility in 
pipe lines can be secured simply 


y arranging swivels in proper 
sequence. 


WRITE FOR CATALOG NO. 50 
Representatives in Principal Cities 
Sold by Leading Supply Stores Everywhere 


BALL-BEARING SWIVEL JOINTS FOR ALL PURPOSES 


| 95 to 99 percent depending u 


New Parts and Materials... ..continued 


Instruments Take 
Long Range Readings 


A line of 8} in. long-scale switch- 
board instruments has been designed 
primarily for applications where long- 
range readings must be taken. These 
instruments employ 250 deg scales 
14.2 in. long for legibility. The scale 
is mounted flush with the front of the 
case, and a protruding convex-type 
glass cover provides clearance for both 


scale and pointer. Cover overhang, 
major cause of scale shadows from 
overhead lighting, is thereby elim- 
inated. 

Suitable for use on swinging brackets 
or other installations remote from the 
control station, the instruments are 
housed in dustproof, moisture-resistant 
cases. The cases, designed for semi- 
flush mounting, are constructed of a 
steel shell, with a textolite base and 
diecast cover. 

All the instruments are equipped 
with shock-resistant bearings which 
provide protection for jewels and 
pivots under all normal, and many 
adverse, conditions. The jewels are 
spring- mounted to protect the pivot 
point from shock. To permit quick 
reading and to assure permanency of 
characteristics, the new instruments 
are magnetically damped. 

General Electric Co. 
Se henectady 1106 Ү. 
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Pickling Agent Displays 
High Inhibiting Action 


This inhibitor is supplied as a clear 
almost odorless liquid that is added 
to acid solutions in the concentration 
range from 0.1 to 0.3 percent of the 
volume of the acid mixture. 

Its inhibiting action in hydrochloric 
and sulfuric acid from room tempera- 
ture up to 150 F *s of the order of 
on tem- 
the in- 


perature. In phosphoric aci 
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32,000 hours of testing 
per week on V-Belts alone! 


In Gates V-Belt testing laboratories, which are by far the largest in the 
world, we run 32,000 bours of testing per week on V-Belts alone. Thats’ the 
equivalent of 5 years of continuous service for one belt—all in a single week! 


This intensely Specialized Research on V-Belts has naturally given Gates 
Engineers a knowledge of V-Belts and V-Belt drive design that is truly un- 
usual—and it is this specialized knowledge that is embodied in the Gates 
“GUIDE for SELECTING or DESIGNING V-BELT DRIVES.” 


Take Advantage of this Great Store 
of V-Belt Knowledge—FREE! 


The GUIDE is widely recognized as the most comprehensive and com- 
plete book of its kind—as well as the easiest to use—and it is yours for the 
asking! 


Another Gates publication, the “INDUSTRIAL NEWS,” published 
monthly, brings you the case histories of actual V-Belt Drives that have been 
designed and used by practical operating men or by plant engineers—report- 
ing all that is new and progressive in V-Belt drive practice. 


Whether you are a practical operating man or a design engineer, yov 
can save much time, hard work and money by having these very useful Gates 
publications. They are entirely free—are sent to you without the slightest 
obligation. Just mail the coupon below—today! 


I would like you to send me without cos? or 
obligation — 

The Gates “GUIDE for SELECTING 

or DESIGNING V-BELT DRIVES”. 


Gates “INDUSTRIAL NEWS” 
published monthly. 


“2. DRIVES 


к ЖЕЛ Р 


THE GATES RUBBER COMPANY 


The World's Lorgest Makers of V-Belts 
DENVER, U.S.A. 
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Send for Nicholson 


FLOAT BULLETIN 650 


Complete Data on Welded Floats: Diagrams, 
Tables, Formulae for Calculating Buoyancies 


The booklet is a standard reference for 
specifiers of welded floats. Nicholson 
furnishes any type: for external or inter- 
nal pressures; in stainless steel, Monel, 
chromium, cadmium or copper-plated 


steel. Sizes, 2” to 14” diam., press. to 
4800 Ibs.; standard or special connec- 
tions. 2-day delivery on many sizes and 
shapes. Nicholson floats are standard 
with hundreds of manufacturers. 


W. H. NICHOLSON & CO., 200 Oregon St., Wilkes-Barre, Pa. 


Sales and Engineering Offices in 53 Principal Cities 


The Swing 
is to 


Durakool 
a dependable 


SWITCH 


y to mercury contacts, tl 


— 


ed switch is performin 
bility. 
s without a falter 


' contact actio 


Eb 


MERCURY SWITCHES 


New Parts and Materials continued 


hibiting action is above 90 percent 

| and is of a high order of magnitude 

| even at the boiling point of dilute acid 
mixtures, an important consideration 
when a good inhibitor is needed for 

| cleaning of piped systems, such as boil- 
ers. It should not be used with sul- 
famic acid. It can be used with hydro 
fluoric acid but its inhibiting action is 
of the order of 75 percent. With fluo- 
boric acid the inhibiting action is of 
the order of 50 percent. 

This inhibitor lowers the surface 
tension of acid solutions causing a 
light foam to form that will trap 
fumes, Perhaps more important is 
the fact that the actual drag-out of 
acid on the work being pickled is re- 
duced considerably because of the 
smaller pendent drops formed. Tests 
made with steel sheet indicate a lower- 
ing of drag-out of the order of 10 to 
15 percent. On tests made with coiled 
wire, savings are of the order of 20 
to 30 percent. The lowered surface 
tension allows the acid solution to 
wet the metal surface rapidly to dis- 
place oil, grease, rust and dirt. 

All tests made with this inhibitor 
added to various acid solutions indi- 
cated that the hydrogen embrittlement 
is either not changed over that expe- 
rienced with bare acid or the em- 
brittlement is reduced. It can be easily 
removed from metal surfaces by means 
of an alkali cleaner. In many cases, 
thorough rinsing will be sufficient. 
There is less tendency for the steel 
to rust when this inhibitor is used. 
This factor is valuable when steel 
is dried on hot humid days. Most 
large steel objects are treated with a 
lime solution after pickling to pre- 
vent rusting. The fact that the amount 
of acid dragged over into the rinse 
and then into the lime solution is re- 
duced is advantageous because it will 
lower the amount of calcium sulfate 
that may form. 

Although there is no analytical con- 
trol for the inhibitor, surface tension 
can be used as a simple means of con- 
trolling its concentration. A curve is 
available for this purpose. 

Enthrone Inc., Dept. PE, 442 Elm St., 
New Haven, Conn. 
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Cast Iron Pulleys 


Cast iron has little tendency to ac- 
| cumulate oil or grease from the at- 
| mosphere. This, it is claimed, makes 
| a line of cast iron V-belt and variable 
| pitch pulleys, recently placed on the 
| market, an efficient means for trans- 
| mitting V-belt power because these 
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Want to cut finishing time? 


CALL YOUR INDUSTRIAL FINISHES SPECIALIST 


Production costs would take a nice drop if you could cialist? He has solved this problem for many products 
cut finishing time substantially! And how do you know in many fields. Illustrated below are three ways it’s 


you can’t until you consult an Industrial Finishes Spe- being done . . . without sacrifice of quality! 


= UG м x 


Hot Lacquer spraying furniture Electrostatic spraying metal frames Steam spraying 300-Ib. bombs 


The recently improved application of quality finishes, synthetics by modern methods makes it possible to get 


by hotspraying, steam spraying and electrostatic spray- superior protection with a single application! Saves 


ing is gaining increased acceptance in the finishing of spraying, drying, baking and sanding time. Cuts pro- 


many products. Spraying of these new lacquers and duction costs, increases production capacity! 


These are just a few examples from the files of 
the Industrial Finishes Specialist! 
Whatever your product . . . whatever your finish- 
ing problem . . . you'll find it pays to consult an 
Industrial Finishes Specialist. He's the technically 
trained, production-minded representative of your 
Industrial Finishes supplier. 
To save production time, increase sales, call him 
in at the design stage. Remember, more and more of NATIONAL PAINT, VARNISH AND LACQUER 
your customers start buying with the finish in mind! ASSOCIATION, INC., WASHINGTON, D. C. 
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Knurled 
Socket Head 
Cap Screw Screw 


-SPS 


SPECIFY “STANDARD SIZES” 


If you can use standard sizes of UNBRAKO Socket Screw 


Products, we can assure you of all you want, when you SV 


» 


XXX. 


r immedi- 


them! 
Your local UNBRAKO Distributor has full sto 
UNBRAKO catalog items on his shelves — 
ate delivery. 


1 
But "specials" are on a e 


increased demand, ач un costs prohibitive. 
And in many ca dind t ials’’ are so close to 
the e a |'"eould easily be adapted. 
So луд Ва е irements re-checked? There тау 
е Ai places Ne UNBRAKO "''standards'' could be used 
advantage. If you wish, our "fastener engineers” will be 
glad to make recommendations. No obligation, of course. 


And if you don't have our latest catalog 
— write for Bulletin 643-R 


› 


tages and 


KNURLING OF SOCKET SCREWS ORIGINATED WITH “UNBRAKO” IN 1934 


D 
Flat Head 
Socket Cap Point Socket Socket Head 


Set Screw Shoulder Screw 


Pressure Plug 


JENKINTOWN 28, PENNSYLVANIA 


Knurled ^u Fully-Formed Precision- 


Ground 
Dowel Pin 


STANDARD PRESSED STEEL CO. 


New Parts and Materials... .. continued 


pulleys operate with little slippage 
and the resulting low belt tension 
yields long belt life. 

The bore and groove of these pul- 
leys are machined in one chucking. 
This maintains concentricity between 
bore and groove and provides a true- 
running noiseless drive. 


The Climax Flexible Coupling Co., 
863 E. 140th St., Cleveland 10, Ohio 
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Adhesive Provides 
Flexible Joint Line 


Pinching or blocking of foam rubber 
due to shrinkage at the point of bond 
is avoided when its adhesive is 
used, claims the manufacturer. The 
transparent amber colored adhesive is 
a solvent ‘ype cement requiring no 
accelerator. It can be applied with a 
brush. The joining operation may be 
carried out one minute after the ad- 
hesive is applied, and the adhesive 
cures without heat to its full strength 
in a few hours. 

The Flintkote Co., 30 Rockefeller Plaza, 

New York 20, N. Y. 
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Starter Meets Automobile 
Industry Needs 


Available in both fusible atid non- 
fusible types is a combination starter 
designed for machine tools used in 
the automobile industry. Among its 
components is a transformer with 230/ 
460-115 v multiple-rated primaries, 
which has a built-in single-pole circuit 
breaker to provide short circuit pro- 
tection for the control circuit. A self- 
contained terminal board facilitates 
wiring. Also included in the combina- 
tion starter is an a-c magnetic contactor 
with its strongbox coil, vertical-lift 
contact assembly riding in self-lubri- 
cating bearings. The new disconnect 
switch mounts the fuses on the front, 
and when the door is opened, there is 

| visible indication that the switch is in 
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New Parts and Materials continued 


the "off" position. Up to four auxil- 
iary interlocks for interconnecting cir- 
cuits may be mounted. 

Featured, too, is the design of the 
starter's steel enclosure. A drip chan- 
nel across its top and around its sides 
p liquids spilled on the case 
rom entering around the door. The 
door itself has a long-life Neoprene 


rubber gasket which resists deteriora- 
tion even if oil accidently comes in 
contact with it. The case contains no 
knockouts or mounting holes. Instead, 
outside mounting brackets are fur- 
nished. 

General Electric Co., Schenectady 5, N. Y. 
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Wire Connector is 
Permanently Safe 


Added to the line of wire connec- 
tors made by this firm is a set-screw 
ty suitable for conduit, armored 
cable, non-metallic cable, and open 
wiring up to 600 volts. It consists of 
two parts, a brass sleeve with a slotted 
set screw, in which the wire connection 
is made and a shell which fits over 
the sleeve after the connection is made. 

To perform the connection, the ends 
of the wire are stripped and inserted 
into the sleeve far enough so that the 


Y 


simplified 


Position or space limitations, 
imposed on a speed reducer by 
the design of your equipment, 
need present no problem... 
need not involve a specially 
engineered unit. 

There’s a compact, fully stan- 
dardized Winsmith reducer (from 
fractional to 85 H.P.) for prac- 
tically any condition, no matter 
how individual. Simplifying your 
design and installation are ex- 
tensive Winsmith provisions for 
horizontal, vertical or flange 
mounting; diversified shaft posi- 
tions and alternate directions of 
rotation. 

Such adaptability not only sim- 
plifies design problems for the 
primary equipment maker, but 
for the user as well. Often, a 
deficient “special” reducer can 
be replaced with a fully stan- 
dard Winsmith model. 


FREE Informative folder “Save through 
Standardization”. Write. 


Ne 


کک 
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| New Parts and Materials. ....continued 
| 
| 


| wire insulation rests against the sleeve. 

| The set screw is. tightened down against 
the wires with a screw driver. The 

| surplus wire ends are clipped off flush 

| with the sleeve. Then the shell is 

| screwed down tight over the sleeve to 
insulate the joint. 

The manufacturer points out that 
this connector permits visual inspection 
and that it can be unscrewed and re- 
used when changes in circuits are 
made. Furthermore, since the joint is 
not soldered, there is no corrosion due 
to the soldering flux. 

The connector is available in two 
sizes, one for combinations up to three 
wires and the other for five wire joints. 

Ideal Industries, Inc., 
1446 Park Avenue, Sycamore, lil 
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Rubber-Floated Channel 
Controls Vibration 


Said to be easily adaptable to nearly 
all types of machinery and equipment, 
this vibration isolator consists of a 
steel channel floated in rubber between 
two steel angles. The correct angular- 


«x 


> 


ity between the steel parts and the 
rubber bonded thereto enables the 
isolator to approximate the “flat” spot 
on a stress-strain curve of relative 
slope. Because the spring index (load 
divided by deflection) is not constant, 
resonance is avoided. The isolator is 
available in any length up to 18 in., 
in four rubber stiffnesses for loads of 
10, 50, 70 and 105 lb per in. of length 
at 1 in. deflection. 
Finn & Co., 2850 Eighth Ave 
New York 30, N. Y. 
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X-Ray Tanks Are 
Easy to Clean 


AMERICAN-FORT PITT X-ray darkrooms are now being fur- 


nished with stainless steel developing 
tanks which it is claimed, are easy to 
clean and possess a long service life. 


| The steel is an alloy designed to resist 
the corrosive actions of photochemicals. 
Also, it is chemically treated by the 
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“Bakers baby 


Believe it or not, this machine forms rolls out of dough. 
Yep, it’s a Readco Vacuum Roll Divider and Rounder. In 
goes the dough—out come the rolls, ready to bake. American 
Seamless Flexible Bronze Tubing carries the vacuum— 
which shows that this famous tubing is equally good for 
carrying “nothing.” 


` 


robot 


Metal-working 


With uncanny precision and “intelligence” this automatic 
lathe installed at The Black & Decker Mfg. Co. puts the 
bite on metal rod while this American Flexible Coolant Line 
carries oil to the tool edge. To remove damaging particles 
of metals, the cutting oils and coolants are clarified by a 
DeLaval Purifier. 


HERE’S a type of American Flexible Metal 

Hose or Tubing for conveying liquids, many 
chemicals, gases and semisolids under severe con- 
ditions of temperature, pressure and frequent 
movement... for protecting wiring and flexible 
drive shafts...for absorbing vibration... for 
connecting misaligned piping and ports. Let us 
tell you about them in full detail. The American 
Brass Company, American Metal Hose Branch, 
Waterbury 20, Connecticut. In Canada: The 
Canadian Fairbanks-Morse Co., Ltd. 
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is the spice of an 
American flexible 
connector’s life! 


_ Е адні 
Deadly "CO" has to go 
Yes, deadly carbon monoxide is carried off safely by this 
"Monoxivent" exhaust system, built by the Kent-Moore 
Organization, Inc. American VAC Type Flexible Stainless 
Steel Tubing, dependably tight and resistant to rust, heat 


and corrosion, handily connects the car exhaust to the 
underfloor duct. 


This machine can can 


Anyway, it can can as long as the motor can. In use at The 
California Packing Corporation, it's a disc feeder which 
automatically feeds cans into a fruit canning production 
line. The motor feed wires are safely tucked away in American 
Sealtite* Conduit which protects the wires while providing 


flexibility for belt take-up. *Trade Mark 


FLEXIBLE METAL HOSE AND TUBING 
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HERE'S THE 


Microcast 


STORY FOR YOU 


Get Your Free Copy كك‎ 


This colorful new folder is fully 
illustrated, shows you actual 
Microcasting applications for 
both industrial and defense re- 
quirements. Every design engi- 
neer needs a copy of "Microcast 


The precision process orig 
inated by Austenal Labora 
tories, Inc. for the produc 
tion of castings of intricate 
design using the high melt 
ing point alloys where sur 
face smoothness and di 
mensional uniformity are 
mandatory, requiring little 
or no machining. 
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Case Histories.” 
today. Free! 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC. 
224 East 39th St., New York 16, New York 
715 East 69th Place, Chicago 37, Illinois 


Write for yours 


New Parts and Materials 


passivation method to insure chemical 
resistance. 

Insulation is built in to prevent 
sweating and to cut heat transfer. It 
consists of 14 in. of spun glass be- 
tween the inner and outer shell on all 
four sides and on the bottom. For 
those in areas where the temperature 
of tap water rises above 65 F, there 
is a 30 in. self-contained refrigerated 
master tank in which copper cooling 
coils are installed between inner and 
outer walls, 

General Electric X-Ray Corp., 

4855 Electric Ave., Milwaukee 14, Wisc. 


Circle No. 47 on Reader Service Card 


Pressure Gage Is Safe 


Announced is a pressure gage whose 
case has a solid cast web front which 
backs up the dial. The back of the 
case is covered by a waterproof blow- 
out disk with a bonded Buna N seal. 
Consequently, if excessive pressure or 
corrosion causes the bourdon tube to 
rupture, the solid front of the case 
prevents fracture of the glass lens, 
and the blow out disk in the back of 
the case provides pressure relief. 

This construction is intended to pre- 
vent accidents that might occur due 
to the fracture of the glass lens. It 
has an additional advantage for main- 
tenance purposes, in that removal of 
the blow out disk exposes the mechan- 


ism for inspection, repair, or recalibra- 
tion without removing the dial. 

Two types are available, one for 
surface mounting and the other for 
flush mounting. Both come in sizes 
ranging from 44 in. to 10 in. Bourdon 
tubes from pressures of 30 in. vacuum 
to 80,000 psi can be installed in either 
type. The movements are made of 
either stainless steel or nylon. 

Clapp Instrument Co., Webster, Mass. 


Circle No. 48 on Reader Service Card 
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y BR oS uo DATA SHEET 
LUBRICATION FITTINGS № 5 


Useful Information to Help You Select 


Simplify ORDERING, INSPECTION and IN- and Specify the Right Alemite 


VENTORY CONTROL. Specify Alemite Fitting for Every Bearing 
part numbers on your blueprints. 


PIN TYPE FITTINGS 


The original lubrication fitting developed by Alemite. Named after the 
positive locking of the Pin Type Coupling on the cross pin of the fitting. 


ET PART THREAD FITTING 
" NO. SIZE ANGLE 
on-Corrosive 


1 9^ A-336 %4" P.T. Straight 

n 1 | ИС, M-336 4" P.T. Straight 

ha 9 } Ф. A-359 М” Р.Т, Straight 
RU 2 A-358 %4" P.T. 90° 


A-850 4" P.T. Straight 
A-684 4° P.T. 45° 


MOGUL DOT FITTINGS 


Similar to the Dof Fittings above, except larger and more rugged to with- 
stand hard industrial use on heavy machinery. 


PART THREAD FITTING LENGTH 
NO. SIZE ANGLE OVERALL 


1489 ж Р.Т. Straight 1%" 
1490 4° P.T. 90° mg” 
1491 М” Р.Т. 60° 116" 
1492 V4" P.T. 45 2” 


STANDARD DOT FITTINGS 


Commonly used on heavy duty machinery such as contractors’ equipment, 
woed working machinery, canning machinery, etc. Gun coupling screws on 
to the fitting thread, making a positive seal. 


PART THREAD FITTING LENGTH 
NC. SIZE OVERALL 


1461 Ya” Р.Т. | Straight 
1463 Ф” Р.Т: 90° 
1464 1” P.T. 60° 
1465 ж" Р.Т. 45° 
1466 14” P.T. 20° 
1475 14” P.T. 90° 
1476 4° Р.Т. 60° 
1477 4° P.T. 45° 
1478 47" P.T. 20° 


1476 1477 1478 


ALE M I TE Complete set of four Data Sheets simi- 
or lar to this, giving specifications on all STEWART 
Modern Lubrication Methods © types and sizes of Alemite Lubrication WARNER 


a Fittings. Simply write to Alemite, Dept. T-21 1850 Diver- 
That Cut Prod - 
alae amet ta mee sey Parkway, Chicago 14, Illinois. 2 
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your specifications 
by 


You save time and money when you 
rely on our high productive capacity 
and special equipment to turn out 


precision parts to your order. 


Typical are surgical and dental in- 


struments, pen and pencil barrels, sol- 1 


dering iron cases, etc. Medium wall 
tubing up to 24” O.D. and solid steel 
.015” to %” diameter handled. 

We are also set up to make such 
parts as special rollers, shafts, studs, 
dowel pins, special needles, instru- 
ment shafts and pivots, screw driver 
and ice pick blades, knurled mandrels 
and spindles, ete. 

Send your prints and specifications 


today for prompt quotation. 


THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street ° Torrington, Conn. 


Makers of 


MEETINGS 


February 18-22 

AMERICAN INSTITUTE OF MINING 
AND METALLURGICAL ENGINEERS— 
Annual Meeting, Jefferson Hotel, St. 
Louis, Mo. 


March 2 


PITTSBURGH CONFERENCE ON AN- 
ALYTICAL CHEMISTRY AND APPLIED 
SPEcTROSCOPY— Pittsburgh, Pa 


February 28 


March 5-9 


AMERICAN SOCIETY FOR TESTING 
MaTERIALS—Spring Meeting and 
Committee Work, Netherlands-Plaza 
Hotel, Cleveland, Ohio 


March 13-16 


NATIONAL ASSOCIATION OF COR- 
ROSION ENGINEERS—Seventh Annual 
Meeting, Hotel Statler, New York, 
New York. 


March 15-17 


AMERICAN SOCIETY OF TOOL ENGI- 
NEERS—Annual Meeting, Hotel New 
Yorker, New York, New York 


March 19-23 


SEVENTH WESTERN METAL CON- 
GRESS AND WESTERN METAL Expo 
SITION sponsored by the American So- 
ciety for Metals with the cooperation 
of other societies—Oakland Auditori 
um, Oakland, Calif 


April 1-12 


AMERICAN CHEMICAL SOCIETY 
119th National Meeting. The meeting 
has been divided. First section meets 
April 1-5, Statler Hotel, Boston, Mass. 
Second section meets April 8-12, 
Cleveland and Statler Hotels, Cleve- 
land, Ohio. 


April 2-5 


AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS—Spring Meeting 
Atlanta Biltmore Hotel, Atlanta, 
Georgia. 


April 8-12 

ELECTROCHEMICAL  SociETY— Àn- 
nual Meeting, Wardman Park Hotel, 
Washington, D. C. 
April 16-18 


AMERICAN SOCIETY OF LUBRICA- 


TION ENGINEERS—National Conven- | 


tion, Bellevue-Statford Hotel, Phila- 
delphia, Pa. 


| April 22-26 


AMERICAN CERAMIC SOCIETY. 


“Herible METAL 
COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
V5 to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 


BACKLASH 
FRICTION 
WEAR and 
CROSS-PULL 
are eliminated 
Lubrication is 
of required; 


((t 
+ y 


PATENTED 
FLEXIBLE 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT, 


NO MAINTENANCE PROBLEMS, 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER, 


Write for the latest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE 
COUPLING CO. 


TORRINGTON 1//7/: BEARINGS | 53rd Annual Meeting, Palmer House, 


WARREN, PENNSYLVANIA‏ وجب 
Chicago, Ill.‏ 


i 
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This 
is what 
Stainless Steel 
does 
10 


OWN, down, down to rock bottom go cleaning 

costs when you’re dealing with time-tested 
Allegheny Metal. It happens in dairies, food- 
plants, hospitals, restaurants, refineries, drug, 
textile and chemical plants . . . everywhere! 

In fact—and here's a truth for you to keep in 
mind—it costs far less over the long run to clean 
stainless steel and keep it clean than any other 
commercially-available metal. What’s more, you 
can achieve more complete sanitation, get more 
lasting good looks and realize longer life in service. 
No other metal is as resistant to corrosion and 
heat as stainless steel—and at the same time as 
strong and as hard-surfaced and resistant to wear. 

That’s a value-packed assortment of properties 
which have made Allegheny Metal indispensable 


for a great number of essential industrial and 
armament uses. We’re continuing to spend mil- 
lions of dollars to expand our already greatly in- 
creased production. @ In addition, we invite any 
fabricator to let us help find possible ways of 
using Allegheny Metal better, in order to get 
more out of every ton. 
* * * * ^ 

Complete technical and fabricating data—en- 
gineering help, too—are yours for the asking from 
Allegheny Ludlum Steel Corporation, Pittsburgh, 
Pa. ... the nation’s leading producer of stainless 
steel in all forms. Branch Offices are located in 
principal cities, coast to coast, and Warehouse 
Stocks of Allegheny Stainless Steel are carried by 
all Joseph T. Ryerson & Son, Inc. plants. 


You can make it BETTER with 


Wand 3260 


PRODUCT ENGINEERING — FEBRUARY, 1951 


Allegheny Metal 





For copies of catalogs described here circle 


corresponding number on Reader Service card. 


(49) LOCKNUTS — Industrial Fast- 
eners Institute. Booklet, 16 pp. The 
locknuts of each of the major manu- 
facturers of these fasteners is pre- 
sented in turn. The presentation in- 
cludes a brief description, the prin- 
ciple of operation and an illustration 
of the fastener. 


(50) MOISTURE AND FUNGUS RE- 
SISTANT COATINGS—Lacquer and 
Chemical Corp. Technical Data Bulle- 
tins 101 through 112, inclusive. Lists 
the characteristics of a group of 
enamels, lacquers, varnishes, and 
waxes which protect materials against 
the effects of moisture and fungus 
growth. 


(51) COIL SPRINGS—Hunter Spring 
Co. Bulletin, 8 pp. - Among the 
factors affecting spring cost are de- 
sign, quantity ordered, material, fin- 
ishes, and inspection. Illustrations 
show how cost can be reduced. The 
last page gives a glossary of spring 
makers’ terms. 


(52) TEMPERATURE CONTROL— 
Partlow Corp. Bulletin 101, 24 pp. 
The field of temperature measurement 
and control is examined from several 
points of view. One of the sections 
deals with the various means of con- 
verting temperature into measurable 
forces and effects and the methods of 
controlling it. The differences be- 
tween electrical and mechanical con- 
trols is discussed as well as the influ- 
ence of the type of heat source on 
control systems. 


(53) THERMOSETTING PLASTIC— 
Formica Co. Catalog, 16 pp. Follow- 
ing a description of the company’s 
laminated thermosetting plastic and 
the methods of producing it is a list- 
ing of the various grades and forms 
in which it is available and the char- 
acteristics of each. Profusely illus- 
trated. 


(54) CASTINGS—Ohio Steel Foun- 
dry Co., Bulletin FC-350, 4 pp and 
Bulletin F 347, 8 pp. Describes a 
group of steel casting alloys which 


202 


are corrosion or heat resistant. The 
first bulletin displays a number of 
the company’s corrosion resistant 
products and presents a specifications 
chart. The second has illustrations of 
the heat resistant products and a 
specifications chart listing the various 
alloys. 


(55) ELECTRICAL CONNECTORS 
—Ilsco Copper Tube & Products Co. 
Catalog, 68 pp. Contains a group of 
copper electrical connectors and zeces- 
sories. Each is illustrated and the 
sizes in which it is available and its 
dimensional and electrical character- 
istics are listed. 


(56) PHASE SEQUENCE INDICA- 
TOR—Associated Research, Inc. Bul- 
letin 7A, 2pp. Supplies an illus- 
tration of this instrument and 
information on its characteristics and 
uses. Operating instructions are 
included. 


(57) PORCELAIN ENAMEL—Por- 
celain Enamel Institute. Booklet, 18 
pp. Uses illustrations to help show 
how the use of porcelain enamel can 
improve products. Concludes with a 
discussion of the factors involved in 
its application. 


(58) METAL INSPECTION — Dy- 
Chek Co. Bulletin 500, 4 pp. Illus- 
trated discussion of a dye penetrant 
method of metal inspection. The dye 
shows such flaws as cracks, pits and 
porosity in  weldments, machined 
parts, forgings and castings. 


(59) SPRING DATA — Accurate 
Spring Mfg. Co. Handbook, 40 pp. 
This outline of spring design factors 
and formulation procedure is replete 
with diagrams and charts. Included 
are deflection tables, wire gage stand- 
ards, and similar data. 


(60) RECLAIMING CASTINGS — 
Tincher Products Co. Pamphlet, 20 
pp. The impregnation process of re- 
claiming castings that have been re- 
jected because of porosity is described 
in a series of questions and answers. 
The firm’s equipment is illustrated. 


(61) INVESTMENT CASTING—In- 
vestment Casting Co. Folder, 4 pp. 
Defines the process, lists the metals 
that can be cast and points out how 
costs can be cut by the use of the 
process. 


(62) MANGANESE STEEL PARTS 
—Taylor-Wharton Iron and Steel Co. 
Bulletin 350, 4 pp. Discusses the 
wearing properties of manganese steel 
that make it suitable for parts used in 
crushing and pulverizing equipment. 
These parts are illustrated. Included 
is an illustrated description of man- 
ganese steel welding rod. 


(63) ARGON METAL ARC WELD- 
ING—Linde Air Products Co. Book- 
let, 6 pp. Both the equipment for 
machine and hand welding needed in 
the process are described and pictured. 
The metals with which it can be em- 
ployed and the advantages to be 
gained thereby are pointed out. 


(64) SERIES ARC WELDING — 
Linde Air Products Co., Booklet, 26 
pp. Diagrams, graphs, and photo- 
graphs aid in explaining the series arc 
technique of submerged melt welding, 
a production welding method in which 
the depth of penetration of the weld 
metal into the base metal can be con- 
trolled. This method is used in clad- 
ding stainless steels, surfacing hard 
facing rods, and similar applications. 


(65) BELTING—Thermoid Co. Bul- 
letin, 16 pp. General information 
about conveyor and elevator belting 
and an illustrated description of the 
firm’s belting are followed by a series 
of tables of data concerning the char- 
acteristics of each type of belt, the 
materials they will handle, the belt 
plies, and similar matter. 


(66) PRECISION CASTING—Alloy 
Precision Casting Co. Brochure, 8 pp. 
Tells the story of the Mercast process 
of precision casting which can produce 
parts with tolerances of +0.002, in 
stainless steel, copper, aluminum and 
other metals. Illustrated are some of 
the parts produced by this method. 


(67) PRE-SHAPED STEEL — A. 
Milne & Co. Bulletin, 4 pp. Pictures 
in cross section a number of cold 
drawn steel sections which are avail- 
able in a variety of steels. 


(68) VALVES—A. W. Cash Valve 
Mfg. Corp. Bulletin 299, 8 pp. Des- 
cribes the firm’s pressure relief valves, 
pressure reducing valves and hot 
water heating systems controls. Illus- 
trations and cross sectional views dis- 
play their construction and operation. 


(69) WELDING ENGINEERING 
AND DESIGN—Eutectic Welding Al- 
loys Corp. Manual, 44 pp. Presents 
new developments in materials and 
techniques of welding them. Several 
pages of introductury information 
such as definitions of terms and biblio- 


PRODUCT ENGINEERING — FEBRUARY, 1951 





KAYDUN 


ص 
Ps‏ 


are FACTORS im 
TRACTORS, «oo 


es» for instance, in 
THE TRACTOR ENGINEERED TO MAKE FARMERS SAY: 


Make fo Massey- horis” 


Now Massey-Harris engineers have adopted 
KAYDON Precision Needle Rollers for the 
transmission gears of their Model 55 
Tractors. Here, as in many other automo- 
tive transmissions, universal joints, 


clutches, steering gears and various preci- 


| 


sion assemblies in all types of machinery 


EI 


. these dependable, economical preci- 
sion needle rollers are “making good.” 

Billions of them are being made in stand- 
ard sizes, 1/16" to 5/16" diameters (tol. 
erance .0002” on diameter), flat or rounded 
ends. You get the benefit of low coc: fer 


highest performance-proved quality, in 


АА 


small or large quantities. 

Used between hardened shafts and hard- 
ened bores of housings or gears, they elim- 
inate need for bearing races and they 
provide the most compact high-capacity 
anti-friction bearing possible. They re- 
quire no more space than so-called plain 
or “solid bearings." * Tell us what sizes 
and quantities you might use. It pays tc 
“contact KAYDON of Muskegon.” 


KAYDON Types of Standard or Special Bearings: Spherical Roller * Taper Roller 
Ball Radial e Ball Thrust ¢ Roller Radial ¢ Roller Thrust ¢ BI-ANGULAR Roller 
THE ENGINEERING CORP... MUSKEGON, MICH. 


B ALL TYPES OF BALL AND ROLLER BEARINGS 4 BORE TO 120" OUTSIDE DIAMETER . 
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New Catalogs continued 


Include Molded RUBBER Pa rts graphy are followed by a discussion of 


characteristics of torch, arc, induction, 
с e furnace, and inert gas-shielded arc 
In Your New Product Designs joining. Then come sections on joint 
ч design, fluxing and removal of flux, 
j . inspection and control, and heat treat- 
ing of welded parts. The last section 
deals with the company’s products and 
Write for a copy of the ACUSHNET charts the use of them with various 
RUBBER HANDBOOK. It contains help- metals. 
ful information, specifications, natural 
and synethetic rubber data, etc. Please 
make request on company letterhead. 


(70) HYDRAULIC EQUIPMENT — 
Oilgear Co. Bulletin 10051, 8 pp. This 
firm manufactures pumps, motors, 
transmissions, cylinders, and valves. 
Each line is illustrated and for each 
are given sizes, dimensions and other 
data. Three additional sheets are in- 
cluded to show applications. 


(71) HYDRAULIC CYLINDERS 
Logansport Machine Co. Catalog 200, 
Section 2, 28 pp. This portrays a 
line of hydraulic cylinders and acces- 
sories for pressures up to 1500 psi. 
The cylinders come in a range of sizes 
and a variety of mountings. Other 
sections of the catalog are devoted 
to hydraulic power units and valves. 
Included are 2 nomographs, one relat- 
ing area, quantity and velocity and the 
other area, force and pressure. 


(72) FOUNDRY PRACTICE—Foun- 
dry Services Inc. Bulletin 100, 12 pp. 
Presents a group of foundry problems 
and offers solutions. An example is 
the proper procedure for fastening 
cores by nailing. A brief illustrated 
dissertation on alloy structures is 
included. 


(73) AIRCRAFT FITTINGS—Parker 

Appliance Co, Catalog 701, 58 pp. In 

inni We А the first section are displayed a vari- 

When designing new products, or re-designing the old, consider ety of aircraft pipe fittings. Each is 
the unlimited applications in which molded rubber now excels. illustrated and followed by a table 
listing the available sizes by AN Part 


Meeting functional specifications and multiple requirements beyond Мо and giviag dimensions. Tho second 


the limits of other materials, rubber gives the designer a welcome contains illustrations and dimensional 
data concerning tube  fabricating 
equipment from tube cutters to pro- 


ACUSHNET has worked with many customers in the initial stages duction tube benders. 
of their designs when the collective specialized knowledge of ovr (74) O-RINGS— Parker Appliance Co. 


release from age-old restrictions. 


„э Catalog 903, 48 pp. Lists the sizes 
laboratory and engineering staffs has aided in obtaining the most @ == m " GERE dis Mast 
satisfactory material, mold design and price. Ovr laboratory fa- O-rings are available. Those for 

M d | government use are listed by AN Part 

cilities are available to customers | No. The last section goes into the 

for the development of designs | composition, principle of operation, 

design requirements and other factors 
concerning this product. 


PROCESS COMPANY (75) WORK LIGHTS — Commercial 


Reflector & Manufacturing Co. Bul- 
New Bedford, Mass., U. S. A. letin 4, 2 pp. Pictures a fluorescent 
light for use as an aid for inspection 
and similar applications. 


and compounds. 





(76) FLEXIBLE SHAFTS—S. 85. 
White Dental Manufacturing Co. Bul- 
letin 5008, 12 pp. Drawings and illus- 
trations accompany the description of 
b the functions, advantages, nomencla- 

1 ; : ture, construction and characteristics 
Address all communications to 768 Belleville Ave., New Bedford, Mass. of flexible shafts. Tables and charts 


^ 
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By using two baffles . . . one a 
brass baffle that is an integral part 
of the terminal gear plus a second 
baffle that surrounds the first . . . 
Telechron engineers have con- 
structed a terminal shaft assembly 
that assures controlled lubrication 
in Telechron timing motors. This 
results in cutting down bearing 
wear and making the sealed-in oil 
supply last for years. 

Controlled lubrication is but one 
of many reasons why all Telechron 
timing motors are instantly, con- 
stantly synchronous. 

Wherever split-second timing or 


Rotor Shaft 
Assembly 


Shading Coils 


Terminal Shaft Assembly 
Makes Bearings, 
Oil Supply Last Longer 


precise control of lightweight mov- 
ing parts is required, designers in- 
variably specify Telechron motors. 
If either of these factors enters 
into your product design, get in 
touch with a Telechron applica- 
tion engineer. Backed by the ex- 
perience that makes all electric 
timing possible (virtually all fre- 
quency-controlling master clocks 
in power stations are made by 
Telechron), he can show you how a 
Telechron timing motor can 
help you. Send coupon below for 
complete data. TELECHRON INC. 
A General Electric Affiliate. 


Gear and Pinion Assembly 


Capillary 
Oiling System 


Terminal 
Shaft 
Assembly 


Sealed Gear 
Case Assembly 


TELECHRON INC. 
12 Union Street 
Ashland, Massachusetts 


Please send me information on sizes and types of Telechron 


Synchronous Motors. My possible application is: 


Instruments a 
Timers п 
Electric Appliances Г] 
Cost Recorders Г] 
Advertising, Display Items [7] 

] 


Communications Equipment [7] 
Other (please fill in) 


NAME 


THIS PROCESS TIMER uses the Telechron Type В 
motor. Accuracy is assured because the Type B. . . 
like all Telechron Timing Motors . . . is instantly, con- 
stantly synchronous. 


THIS TIME SWITCH uses a Telechron H3 Motor recom- 
mended for slow-speed, light-duty purposes such as 
timing as well as switching and controlling devices. 


а TELECHRON TYPE B SYNCHRONOUS MOTOR. 
For medium duty application such as switches, combina- 
tion recording and controlling mechanisms, and various 
types of control equipment 


Jelechion 


COMPANY 


ADDRESS 


, CITY 


Juke Boxes [ : "E 
Air Conditioning & Heating . STATE. 
Controls Г] DJ Please send new Catalog ( 
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Keeps Size Down 


by keeping one jump 
ahead in design 


The smaller the equipment—the more trouble from high 
inrush currents .. . 

This portable telecast a first used a single pole 
supply line relay—but the high inrush currents the instant 
after closing, sometimes welded the contacts. Solution 
appeared to be to use a larger relay or to alter the equip- 
ment, increasing its size. 

Then: Ward Leonard suggested a heavy-duty midget par- 
allel contact relay—no larger than before—with poles 
paralleled and with silver-to-carbon contacts on one pole 
making contact before the silver-to-silver contacts close 
on the other pole. 

Investigate Ward Leonard facilities for variations of 
standard designs to simplify your control. 

WARD LEONARD ELECTRIC CO., 63 South Street, Mount 
Vernon, N. Y. Offices in principal cities of U. S. and 
Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
PEU 3492777 Za 7 


RESISTORS « RHEOSTATS « RELAYS -+ CONTROL DEVICES 





New Catalogs continued 


are provided for selection of shafts 
and rules are given concerning their 
connection. 


(77) PUMPING UNITS—Graymills 
Corp. Catalog 15250, 4 pp. Contains 
specifications, performance charts, 
cutaway views and selection charts 
on the firm’s gear type and centrifugal 
type pumping units and pumps. 


(78) REFRIGERATION UNITS — 
Bowser Inc. Bulletin, 4 pp. Pictures 
and describes a group of refrigeration 
units for testing, storage and process- 
ing. There is a chart listing the 
thermal properties of a number of 
materials both metallic and non- 
metallic. 


(79) STAINLESS STEEL—Carpen- 
ter Steel Co. Bulletin, 20 pp. Treats 
in detail a stainless steel offering cor- 
rosion resistance to hot solutions of 
sulfuric acid. Graphs are used to dis- 
play this feature, and tables are in- 
cluded to give chemical, physical and 
mechanical properties. 


(80) ANALYSIS OF METALS — 
Baird Associates, Inc. Bulletin 34, 10 
pp. The operation, theoretical back- 
ground and construction of the firm’s 
direct reading spectrometer is outlined 
along with details about the range, 
precision and accuracy of the chemical 
analysis it produces. Sketches, photo- 
graphs, diagrams and graphs help the 
discussion. 


(81) THERMOSTATS—Stevens Man- 
ufacturing Co., Inc., 2 bulletins of 2 
pp each. One describes a bi-metal 
thermostat built to open or close an 
electrical circuit upon a predetermined 
temperature rise and the other shows 
a similar unit for quick make and 
break operation. 


(82) HEAT TREATING — Surface 
Combustion Corp. Bulletin, 8 pp. 
Concerned for the most part in show- 
ing applications of the firm's heat 
treating furnace equipment. In addi 
tion, there is an article on the role of 
gas chemistry in metallurgy and 
another on the operation of a small 
heat-treating plant. 


(83) LEATHER BELTING—Ameri- 
сап Leather Belting Association. 
Manual, 44 pp. Opens with a pictorial 
presentation of a drive which is com- 
posed of flat leather belt, two flat 
pulleys and a tension controlling 
motor base. It continues with a series 
of tables that show how to select the 
proper size components for a given 
hp and speed. Examples to aid in 
understanding the charts are included. 


(84) WELDING ALLOYS—Eutectic 
Welding Alloys Corp. Folder, 6 pp. 
Contains information in chart form of 
the firms welding alloys concerning 
the composition of the alloy, heating 
facilities that can be used, metals on 
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New Catalogs 


which it can be used, type and prep- 
aration of the joint and similar data. 


(85) ADHESIVES, COATINGS AND 
SEALERS—Minnesota Mining & Mfg. 
Co. Handbook, 8 pp. Points out the 
wide variety in which these products 
are prepared, pictures and describes 
a number of designs problems that 
were solved with the use of these 
materials, and tabulates technical 
data for some of the types. 


(86) HIGH TEMPERATURE  AL- 
LOYS—Haynes Stellite Div., Union 
Carbide and Carbon Corp. Booklet, 
96 pp. A section on each of 10 cobalt, 
nickel and iron base alloys developed 
for high temperature service gives a 
general description of the material, 
recommended uses, chemical composi- 
tion and physical and mechanical 
properties in both tabular and graphic 
form. In the latter part of the book- 
let fabricating and age-hardening pro- 
cedures are discussed, the microstruc- 
ture of the alloys is displayed by 
photographs of specimens and the 
properties of the alloys are compared 
in charts and graphs. 


(87) NEOPRENE COATING—Gates 
Engineering Co. Brochure, 2 pp. Cov- 
ers the description, application and 
advantages of a neoprene coating for 
steel, wood and cement. 


(88) BRONZE WELDING — Ampco 


Metal, Inc. Bulletin W-17, 24 pp. The DC T RICK Б 
company’s products are electrodes of 


various bronze alloys such as alu- 

minum bronze, phosphor bronze, and 

silicon bronze. Each of these is de- 

scribed and its current requirements, with AC Contactors 
mechanical properties and other data 

are given. The second section is de- and vice versa 
voted to welding technique and pro- 

cedure. Included are a bronze elec- 


trode selection and preheat chart and Put а DC power plant in Ward Leonard’s 4110 across- 

a weldability chart which list most of the-line AC magnetic starter, and you can 

the well known metals. . .. do direct AC switching from DC battery voltages 
... hold-in despite poor voltage regulation—down 

(89) VALVES—Ledeen Mfg. Co. Bul- to 15% of rated voltage 

letin 510, 4 pp. 2 of the models . . . eliminate troublesome AC hum 

е Or use a DC contactor with an AC power plant (Ward 

sions and weight are tabulated and its Leonard designed the contactors for this) and— 


circuits are schematically displayed. . switch a variable-voltage DC control system 


from a constant potential AC source 
(90) WATER PURIFYING—Penfield ... get dynamic braking just by adding a contact— 
Manufacturing Co., Inc. Folio, 16 pp. rather than a separate contactor 
Each sheet contains a photograph of Investigate Ward Leonard AC-DC combinations. Write 
one of the models of this water puri- for Control Catalog. WARD LEONARD ELECTRIC CO., 63 
fying equipment, an outline drawing South Street, Mount Vernon, N. Y. Offices in principal 
to give its dimensions, a description of Cities of U. S. and Canada. 
its parts, its specifications and data 
on its performance. 


(91) WASHERS—George K. Garrett 

Co. Inc. Bulletin, 4 pp. Tabulated WARD LEONARD 
data concerning sizes and dimensions 

of 4 washers and lockwashers that 


sem end ELECTRIC COMPANY 
meet AN specifications. 
(92) MOLDED  PLASTICS— Dayton R eu En С: 


Rogers Manufacturing Co. Bulletin, 4 "e 
pp. Drawings of parts made of Nylon, 


RELAYS + CONTROL DEVICE 


PRODUCT ENGINEERING — FEBRUARY, 1951 





New Catalogs ... à continued 


Tenite, Polyethylene and other plas- 
ties are shown to point out the com- 
pany's facilities for producing these 
products in small lots. 


(93) RELAYS AND SWITCHES— 
Automatic Electric Co. Catalog, 88 
pp. The relays are grouped according 
to use, i.e, aircraft relays. The pre- 
sentation includes a description of 
the general features of each group of 
relays followed by a detailed illus- 
trated description, a tabulation of 
specifications, mounting data and 
other information about each of the 
relays in the group. There is also a 
section on relay mountings and one 
of reference data for the designer’s 
use. The sections on switches, count- 
ers, solenoids and spark suppression 
apparatus are presented in a manner 
similar to that of the relays. 


(94) SHAFT SEALS—Garlock Pack- 

ing Co., Booklet 12 pp. Cutaway 

e а views in color help to display the 

better designs with features of 3 types of mechanical 


seals for rotary shafts. A series of 


cutaway views are also included to 
ACE MOLDED show some typical applications. 
(95) FURNACE EQUIPMENT 
Leeds & Northrup Co. Catalog, 4 pp. 
Describes furnace equipment which 


provides a means of controlling the 
carbon potential of the furnace atmos- 
phere as well as the temperature and 
H á idi ais . А e time. Photographs and tabulated data 

ERE’S an “idea kit” guaranteed to stir your imagi- aid the explanation. 
nation and give you f ints for improving your products i = i = 
- give you a het full of hints for improving your p (96) WOOD RESEARCH — Timber 
with strong, durable, corrosion-resistant, and electrically excellent Ace Engineering Co. Brochure, 16 pp. 
Relates the story of the improvement 
of existing timber products, the de- 
velopment of new products, the ad- 
g vances in wood-working techniques, 
The kit shows how every property of hard rubber can be used to best and the training of technical personnel 


; ; e . in wood research. 
advantage. It demonstrates cost-saving hints in molding, and shows 


Hard Rubber. Yes, a few of the newer Ace plastics are included, too, 


; dime ; ; ; ; ; ; (97) BELTS—B. F. Goodrich Co. 
a wide variety of design techniques, including inserts, shrink fits, ma- Catalog section, 28 pp. Contalas cub- 
chined parts, extruded parts, parts that are blown like glass bottles, etc. away views and specifications of a 
number of conveyor and elevator belts 
each of which is designed for a speci- 
Our sales engineer in your territory will be happy to spread these ideas fie handling job such as food convey- 
ing, package conveying and others. 
out on your desk at the drop of a postcard. If you have a particular 
(98) MOISTURE METER Taglia- 
bue Instruments Div., Weston Elec- 
similar in our 98 y d hei med f trieal Instrument Corp. Bulletin 
" уема ава саа эп а эмри ө 1263A, 4 pp. Explains the construc- 
that along, too. Write today. tion and operation of an instrument 
used to make moisture content de- 
terminations of granular, powdered or 
flaked materials. 


problem in mind, mention it. Chances are we've done something 


Have you a copy of the Ace Hard 
Rubber & Plastics Handbook? If not, Pay (99) ALLOYS AND FLUXES- All- 
just ask. ы. А £y State Welding Alloys Co., Inc. Book- 
H let, 32 pp. The first section contains 
data which is arranged to make the 
| selection of alloys and luxes for weld- 
HARO RUBBER and PLASTICS ing, brazing, soldering, cutting, and 
| tinning as automatic as possible. In 
MERICAN HARD RUBBER COMPANY | the second section, each alloy is con- 
sidered in turn, and its characteristics 
and the methods of applying it are 

1) MERCER STREET © NEW YORK 13, N. Y. | outlined. 
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OUR 
READERS 
SAY 


Misuse of Trademarks 


To the Editor: 

We have read with interest the article 
entitled ‘12 Ideas for Design of 
Feeding, Sorting and Counting Mech- 
anisms” and the item "Compact Tele 
phone Relay Takes Vibration” in the 
October issue of your fine magazine 
Reference in these articles to the use 
of precision, snap acting switches will, 
no doubt, be helpful to many, for the 
use of this type of switch is rapidly 
expanding. We note that in them you 
have, no doubt inadvertently, used 
our trade-mark “Micro Switch” in 
correctly. 

We call your attention to the fact 
that “Micro Switch” is our trade-mark 
used to designate switches and other 
products of our manufacture from 
those of others. It can properly be 
used only to designate such products 

In order. to protect our trade-mark 
rights, we must object to any improper 
use of this mark and we would, there- 
fore, appreciate it if in the future you 
would use our trade-mark, ‘Micro 
Switch”, only in reference to products 
of our manufacture and indicate its 
trade-mark significance by at least 
capitalizing the "M" and "S". 

—А. К. Косн 
Micro Switch Corp 


Too Much Enthusiasm? 
To the Editor: 

The article “Pneumatic vs Hydraulic 
Systems for Aircraft,” on page 91 in 
the November 1950 PRODUCT ENGI- 
NEERING calls for comment. It is an 
excellent example of how specialist 
engineers can prove virtually anything 
in their enthusiasm. On many occa- 
sions, we ourselves have proved the 
weight superiority of aircraft hydraulic 
systems 

To be strictly fair in the comparison 
between the hydraulic system and the 
pneumatic system, the authors should 
have eliminated from both systems 
the extra piping resulting from cable 
operation of the selectors. Instead, 
this is done only in the case of the 
pneumatic system. 

Moreover, the cable weights үе 
to have been conveniently ignored in 
the comparison. This adjustment 
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SNE 


PROMUCTS COMPANY 
7978 Manchester Avenve 

St. Lovis 17, Missouri 

Conodian Foctory — 
Chothom, Ontario 


HOW TO GET LONGER LIFE 
FROM BUSHINGS and BORES 


Typical parts honed 
at Black & Decker 
Co., Towson, Md. 


— ae 


SUNNEN HONING 


» PRODUCES ACCURATE BORES | 
‘WITH BETTER WEARING SURFACES’ 


M. manufacturers have greatly increased the wear life of 
vital machine parts by switching to Sunnen — The reason is 
simple. With Sunnen honing machines you can produce bores accurate 
to within .0001", free from taper, out-of-round, and bell-mouth. You 
get full bearing surface with any required finish—to 2 micro-inches 
RMS in hardened steel. That means longer life, smoother running, 
less heat, higher permissible speeds and loads, and quieter operation. 


USE AVAILABLE MANPOWER. Men and women turn out good 
= economically and fast on Sunnen honing machines, with very 
ittle training. Fixtures are seldom required, and there's practically 


no -— time. ee from one job to another is simple and 
easy; takes less than five minutes. 


HONE METALS, CARBIDES, GLASS. Sunnen 
honing machines can be used on practically all 
metals except lead and babbitt. Hone open and 
blind holes . . . holes with keyways, ports, and 
lands ... any diameter from 14" to 54”. 
Investigate Sunnen Honing now; it may be the 
answer to your problem, too. 


SUNNEN PRODUCTS COMPANY 
7978 Manchester Ave., St. Lovis 17, Mo. 


Г] Please send complete Г] Have Your 
information on Sunnen Honing. Representative Call. 





Our Readers Say continued 


would correct the absurd weights of 
piping, fluid and clips from 250.1 
lb and 56.0 Ib to 150 Ib and 56 Ib. Sec 
ond, the electric pump (14.7 Ib) and 
some part of its associated weight 
should be deleted from the hydraulic 
weights. Third, although storage ca- 
pacity has been cunningly contrived 
inside the landing gear, the weight 
of special bottles (30 Ib) should be 
y xix added since the Convair Liner is 

Fast, efficient, positive attachment for unique in this respect. 
hydraulic lines, wiring accessories. The result of these adjustments 
brings the weight saving with pneu- 
matics down from 213.3 1Ь to about 
Marman support clamps 60 Ib. By detailed attention, the hy- 
perform an infinite variety Р draulic engineer could probably save 
of tasks. The lug support AN a great deal more (e.g. on the reservoir, 

clamp illustrated fastens » 17.5 Ib). 
hydraulic lines to the main Ale _However, the most important point 
i У of all is one relating to performance, 

landing gear on a large 


owe е and three questions are relevant: 
bomber. It is ideally suited j a) Since freezing will occur in 
for applications where a Í winter, why is there no methanol 
highly stressed machined injection equipment? 
part prohibits the use of b) How long does it take to re- 
welded lugs. charge the bottles once they have 
been partially discharged after 
The clip support shown below accomplishes a similar aircraft take-off or where they 
purpose except that it holds hydraulic lines farther away have been completely dis- 
from the strut and provides a lighter assembly with charged? | 
slightly less strength. Its use may be preferred where dem n — er or 
. * cycie E Й 5 d- 
many such supports are required on one ship. ing an engine failure, an ap- 
proach to landing, a false 
attempt, retraction of the gear 
and flaps and another circuit be- 
fore a final landing gear lower 
ing? This is one of several of 
likely trains of events which 
must determine bottle capacity 
H. G. CONWAY 
British Messier Ltd 
Gloucester, England 
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Throughout the airframe structure lug and clip sup- Ed—In response to the Editor's re 
ports find many applications. Line support clips, wiring quest, the authors of the article sent 
harness clips, attachment of ducting, are just a few of the following letter in reply: 
the many light duty installations for which they are suited. Answers to the questions in the 


-— : first part of Mr. Conway's letter are 
By specifying one of the many highly adaptable stand- given in the same order in which he 
ard Marman designs, of which these are typical, you presented them. First, as was — 
achieve significant savings in development and produc- in the article under the heading of 
tion costs. In addition you gain the benefit of maximum "Landing Gear", the up-latches, in the 
service tested performance. case of the hydraulically operated 

gears, are released by cable control, 


Sut coi aud design Tame wilh Mamaw... and the gear will fall free and lock 


Е -— — down with aerodynamic loads alone. 
Standardized Clamps for Specialized Applications It is this cable that is employed to 


For information, write Dept. E-2 J | operate the pneumatic valves at each 
| gear. The weight for this control was 
ARM AN | not shown for either system. Fur- 
M. ЕЧ | ther, to use this cable system to op- 
PRODUCTS CO. INC. Pt See erate hydraulic valves at each gear 
А еен ее 

INGLEWOOD, CALIFORNIA a. : 
А | the fluid to a central source would 

| still be required. 

Second, in case of dual engine fail- 


ERRBRRSBRABASLAAR AS A 
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Costs Reduced 25% 


Performanc 
Appearance improved 


with STEEL CASTINGS 


e Improved 


This warehouse trailer coupler housing is sub- 
jected to considerable stress and strain in handling 
materials for general factory use. As a weldment, 
it not only used 40 inches of welding, slowing 
down unit production, but lacked eye appeal. 


Conversion to a foundry engineered steel 
casting, through cooperation of manufacturer 
and steel foundry, cut production costs 25%, 
improved trailer performance, and provided a 


streamlined appearance which added "saleability" 
to the product. 


STEEL FOUND 


920 Midland Building 
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STUDIES e NO. 26 


* * * * o* 


Here is another example of the engineering team- 
work in design and redesign of parts which is 
resulting in greater serviceability and lower costs 
with steel castings. 


This service is offered without cost or obligation. 
It makes available through your foundry 
engineer the full results of the development 
and research program carried on by the Steel 
Founders' Society of America. 


SOCIETY OF AMERICA 


Cleveland 15, Ohio 





Need VOLUME 


on Small Parts 
Like 


Investigate 


MULTI-SWAGE 


Economy Way to Get Volume! 
If it's VOLUME you need on small 
tubular metal parts similar to these, be 
sure to look into Bead Chain's MULTI- 
ی‎ Process. Send the part (up to 
" dia. and to 11%" length) and your 
n for a entation. Chances are 
you'll find a new way to effect im- 
portant savings. 


Much Cheaper Than Solid Pins 
Many prominent users of solid pins for 
electronic and mechanical purposes 
have cut costs by switching to Multi- 
Swaged tubular pins without 
sacrificing strength or accuracy. Often 
this is possible to accomplish. 


Typical Applications — 
As terminals, contacts, bearing pins, 
stop pins, male-female connections, etc., 
in a wide variety of electronic and 
mechanical products:—Toys . . . Busi- 
ness Machines . . . Ventilator louvres 
. Radio and Television apparatus. . . 
Terminal-boards Electric Shavers 
Phono Pick-ups, etc. For DATA 
BULLETIN, write to 


tm BEAD CHAIN mrt. co. 


92 Mountain Grove St., Bridgeport 5, Conn. 


Manufacturers of BEAD CHAIN — the kink- 
less chain of a thousand uses, for fishing tackle, 
novelty, plumbing, electrical, 
dustriel products. 


jewelry and in- 
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Our Readers Say 


continued 


ure or a supply line failure, the emer- 
gency electric-driven hydraulic pumy 
is a necessity that provides power fo: 
lowering the flaps and building up 
hydraulic brake pressure. Further, it 
is a means of providing power for 
door operation, etc., when the air 
craft is on the ground. In the pneu 
matic system where there is stored ait 
pressure plus a normally continuous 
supply from both engine-driven com 
pressors, the emergency electric driven 
pump is not required. 

Third, the weight comparisons in 
the article pertain specifically to th 
Convair 240, although it is intimated 
that in a new airplane design the samc 
results could be achieved. The weight 
saving due to use of the landing gears 
as reservoirs, elimination of return 
lines and the possibility of using small 
lines for a fluid of very low density 
and viscosity, namely, air, add up to 
the appreciable weight saving shown 
Further, the hydraulic reservoir and 
low pressure filter chamber combination 
is constructed of the lightest available 
material, magnesium sheet, and is as 
light as possible in conformance with 
good design practice. 

As to questions raised by Mr. 
Conway in the second part of his letter, 
it may be pointed out that in the con 
clusion of the article, as originally sub 
mitted, the authors noted the problem 
of moisture and the methods of solv- 
ing it. Through an oversight of the 
publishers the article was published 
minus the data which is as follows: 

“Further, it can be stated that the 
hazards of moisture in the pneumatic 
system are successfully overcome with 
high storage pressures and in extremely 
humid conditions, with separators and 
dessicators. Basically, the higher the 
storage pressure and the lower the 
storage reservoir temperature, thc 
smaller becomes the amount of mois 
ture the air can hold. Thus, the mois 
ture condenses and drops to the bot 
tom of the reservoir where it becomes 
i simple problem of automatically or 
manually draining it periodically. (See 
“Choice of Operating Pressures fo: 
Pneumatic Systems” in the 1949 
August and September issues of PROD 
UCT ENGINEERING). 

The use of storage reservoirs, which 
have the air inlet near the bottom and 
the outlet at the top, provides a supply 
of relatively dry air to the system. In 
some cases the first reservoir in thc 
system is used expressly for the pur 
pose of collecting moisture." 

The normal time to recharge the 
system after operation of the landing 
| gear and flaps at sea level is approx- 
imately three minutes. With the air 
stored at 1500 psi, the landing gear 








TECHMCHARTS 


for finer, faster reproductions 


Working with graphs? Your 
original work is easier, copies are 
clearer with TECHNICHART 
Graphic Charts. Accurately print- 
ed in a soft brown color, Techni- 
charts are easy on the eyes, perfect 


for sharp, speedy reproductions. 


Technichart graphs are printed 
on No. 1000H CLEARPRINT, 
America’s finest technical paper. 
Its perfect working surface invites 
ink and pencil, permits repeated 
erasures without ghosting, re-inks 
without feathering. Through the 
years, Clearprint’s unrivaled 
strength, transparency and print- 


ing quality remain unchanged. 


эрен 


LEARP SINT 


UB roma 


en A 


HANTKE & SON 


TECANICHART ® 


TRADE MARK REG. 


GRAPHIC CHARTS FOR PERFECT REPRODUCTIONS 


SPECIFY TECHNICHART Graphic Charts 
Available in all standard rulings, including: 


Cross Section Forms Logarithmic Forms 
Mathematical Forms Time Period Forms 
.. and other popular rulings 
Standard sheets —8'4"x11" ond 11"x17" 


Ask your dealer for details and samples, or write: 


CLEARPRINT PAPER CO. 


677 Folsom Street * San Francisco 7, Calif. 
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ош’ тапу 
different 


sleeve bearing 
Ф 


alloys do you use? 


We specialize in variety . . . in sleeve bearings and bushings. Half a 
century's experience has shown us that there is no universal bearing 
alloy to fit all needs. One automotive engine, for example, might 
require tin base lining for main bearings, while another might require 
copper-lead lining. One tractor manufacturer calls for cast, full-round 
piston pin bushings while another prefers rolled-type split bushings. 
Electric motors, Diesel locomotives, marine engines and ditch diggers 
all have their own special requirements. Instead of making just one 
type of bearing and trying to fit it to all needs, we produce “tailor- 
made” bearings to meet your performance specifications. 


Our seven manufacturing plants are equipped to produce sleeve bear- 
ings and bushings in a wide variety of material combinations, and in 


many sizes—in quantities ranging from dozens to millions. 


Send for our Bulletin showing the “Field of Usefulness” 
chart for a wide range of bearing alloys. It provides a 
“ready reference” on bearing applications for your library. 


FEDERAL-MOGUL CORPORATION „ 11043 SHOEMAKER, DETROIT 13, MICH. 


Siler SLEEVE BEARINGS 


OVER FIFTY YEARS OF CONTINUOUS BEARING EXPERIENCE 
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Industrial 
Hydraulic 


Equipment | 


for PEAK PERFORMANCE ADEL Hydraulic 
Valves and Pumps are setting new and ever higher 
standards for precision in manufacturing and efficient 
performance in operation. Following are but a few of the 
wide variety of models to meet all operating conditions. 


4-way valves with spring-centered, spring-offset, 
and 1, 2, or 3 position detent action. 1500 psi. 
Flows to 28 gpm. 


For 1000 psi service with rated capacities at 
1800 rpm of from 1.5 to 46.8 gpm. 


ee 


MSS 

ett hes 

WN Nw 

NA p ns, Caves 
ow 


Relief, Sequence and Unloading valves. 
Direct or remote operation, 50 to 1500 psi 
range. 


Compensated type maintains constant flow over 
wide differential pressure range. No drain line 
required. 1500 psi. 


1 
pire es 
va eck, 

GANES 


2 or 3 position detent. With or without dog 
or lever. Can be used as 4-way valve in small 


Valves allow free flow in one direction only. 
circuits. 1000 psi. 


Many variations available. 3000 psi. 


A FEW SELECT TERRITORIES ARE STILL AVAILABLE TO PROGRESSIVE DISTRIBUTORS OF HYDRAULIC 
EQUIPMENT. INQUIRIES INVITED. 


For complete engi 
neering specifications 
and counsel, Address 
ADEL DIVISION — 
GENERAL METALS 
CORPORATION, 10767 
Van Owen Street, 
Burbank, California. 


SION OF GENERAL 
PORATION: Burbank, Calif. 


Manufacturers Hydraulic. Valves and Pumps 

DISTRIBUTORS: AIR & HYDRAULIC ENGINEERING CO., NEW HAVEN, CONN. . RUSS CHAMBERLIN COMPANY, 
PORTLAND, OREGON e J. BOYD COATES, PHILADELPHIA, PA. + FRANK T. DONNELLY COMPANY, PITTSBURGH, PA, 
HASKEL ENGINEERING & SUPPLY CO., SAN FRANCISCO, CALIF, e HASKEL ENGINEERING & SUPPLY CO., GLENDALE, 
CALIF. e HYDRAULIC BRAKE SUPPLY CO., PHOENIX, ARIZ. e UNCOLN SUPPLY CO. PROVIDENCE, R. I. • SCOTT 
EQUIPMENT AND ENGINEERING COMPANY, DAYTON, OHIO « H. F. SODERUNG CO., SEATTLE, WASH. e ROBERT 
TAYLOR & SONS, SALT LAKE CITY, UTAH e WYATT SALES COMPANY, CLEVELAND, OHIO • CORBY SUPPLY 


COMPANY, ST. LOUIS, MO, « INDUSTRAIL AIR & HYDRAULIC EQUIPMENT CO., DETROIT, MICH. 
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Our Readers Say.. continued 


and flaps can be lowered, raised and 
lowered in succession without any re- 
charging being necessary. Further, the 
gears are designed to free fall and 
lock down with aerodynamic loads 
alone, as previously mentioned, and 
thirty(30) full brake applications are 
available from the brake reservoir. 


Remote Reference 
To the Editor: 


With reference to your article in 
the December issue on drawn pinions, 
please note my nomograph on best 
proportions of these in the September, 
1937 issue of PRobUCT ENGINEERING 
on page 362. This was preceded by 
two articles, one on page 226 in the 
June 1937 issue and the other on page 
275 in the July 1937 issue, by Paul 
H. Black of the University of Illinois 
on this subject.—CaRL P. NACHOD 

Nachod & U.S. Signal Co., Inc. 


Still Classified 
To the Editor: 


An article "Plastic Helmets for the 
Army”, in the Technical News Sec- 
tion on page 157 of the September 
issue has been brought to our attention. 
We are presently investigating the pos- 
sibilities of a new material for use in 
crash helmets for the Air Corps, and 
this article proves very interesting 
along the same line. 

We would like you to let us know 
which agency in Army Ordnance to 
contact for further information. 

—MAURICE MARTIN 
Bassons Industries Corp. 
Ed—The Quartermaster Corps. which 
is handling — on this 
product has told us that this work is 
classified and information, save for the 
brief press release they sent out on 
which the September article is based, 
cannot be given out. As long as re- 
search on it is in experimental stage 
it will remain classified. 

If you would like to take up the 
matter directly, we suggest you write 
Mr. Don Craig, Office of Technical 
Information, Quartermaster Corps., 
2nd and T Sts., Washington 25, D. C. 


Another Slide Rule Solution 
Of Right Triangle 


To the Editor: 


Henry W. D’Entrmont’s article 
“Solving the Pythagorean Principle on 
the Slide Rule,” which appeared on 
page 155 of the November 1950 issue 
of Propuct ENGINEERING was of con- 
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Hounded by tubing ptoblems? 


sızes Ue | 

To %" o.b. , 

Bundyweld Tubing, double- 

walled from a single strip. Ex- 

clusive, patented beveled edge 

affords smoother joint, absence 

of bead, less chance for any 
leakage. 


Nothing will get you up a tree faster, com- 
petitively speaking, than a tubing part that 
can't hold its own in your product. 


Like a coil that won't curl up and behave. 
Or a line that bursts under normal pres- 
sure. Or a unit that tires out after a short 
shimmy. If you're hounded by these or 


other problems in your applications of 
small-diameter tubing, it will pay you well 
to check into Bundyweld, the multiple- 
wall type of Bundy® tubing. 


Double-walled from a single strip, with 
exclusive beveled edge, Bundyweld has no 
peer in its field. 


undy Tubing Company 


DETROIT 14, 


MICHIGAN 


World's largest producer of small-diameter tubing 
AFFILIATED PLANTS IN ENGLAND, FRANCE AND GERMANY 
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BRIGGS & STRATTON 


ASOLINE 
NGINES 


The performance record of more than five 
million Briggs & Stratton single-cylinder, 
4-cycle, air-cooled engines speaks for itself. 
BRIGGS a STRATTON CORP., Milwaukee 1, Wis., U.S.A. 


“Preferred Power” 
for home, farm and indust- 
rial equipment — powered 
by gasoline engines. 


«oA ede 
je aet 


Werle 
eae 


SUPERVISED 
SERVICE 


In the automotive field Briggs & Stratton is the recognized leader 
and world’s largest producer of locks, keys and related equipment. 





Our Readers Say............. continued 


siderable interest to me because I have 
used this method for many years. In 
fact, I published this method in one 
of my papers. (AIEE Transactions, 
Sept., 1932, pp. 750-751.) 

Since publishing my paper in 1932, 
I discovered a variation of this method, 
which saves one setting of the slide 
rule. However, it is useful only if 
one does not intend to perform an 
operation on the answer. 

Although the mental operation is 
the same as for the more usual method, 


| the process consists of dividing "up- 


side down". To illustrate this varia- 
tion, I shall use D'Entrmont's Иге 
1 in which it is required to find the 


| hypotenuse of a right triangle given 
| two legs of 16,500 and 9,200 respec- 


tively. 

Set the hairline opposite 9.2 on the 
D scale. Draw 16.5 on the scale C 
under the hairline. Read the square 
of the quotient, (16.5/9.2)*, on de B 
scale under the index of the A scale. 
This is 3.22. Add 1.0 mentally, ob- 
taining 4.22. Draw 4.22 on the B 
scale opposite the index of the A 
scale, without disturbing the hairline, 
and read the answer, 18.9, on the C 
scale under the hairline. This method 


| avoids the final resetting of the hair- 


line and makes the operation just a 
little faster. If the method is used 
often enough one gets accustomed to it. 
—Cyrit G, VEINOTT 

Westinghouse Electric Corp. 


| Agreement in Principle 
| To the Editor: 


The vibratory ball mill pictured and 


| described on page 163 of the Novem- 


ber issue of PRODUCT ENGINEERING is 
of interest to me. It appears to be a 
time saver and a better way to mill 
such materials as our electron emission 
ones than the roller type of mills that 
we use. 

Who can tell me whether this mill is 
available to industry? Is it possible to 
get prints so that we can construct our 
own? Is this data for a fee or free or 
by license? Your help here would be 
appreciated. 

You may be interested in the dis- 
cussion aroused by your editorial, “Are 
There Too Many Engineers" which ap- 


| peared in the September issue. Mr. 

| J. R. Steen, Sylvania’s manager of 

| quality control and a long time - 
sonal friend, visited us recently. 

| discussed your editorials and the views 


outlined in my letter which was in- 
cluded in the “Our Readers Say” col- 
umn of the same issue. Mr. Steen was 
much interested and had photostated 
copies passed on to Mr. E. H. Carter, 
chief engineer, and Mr. H. Richard- 
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4 TRUARC RINGS CUT ASSEMBLY TIME 40% 
CUT UNIT COST 25% 
PROLONG PRODUCT LIFE 9 YEARS 


OLD WAY = 555 NEW WAY 


A typical air or hydraulic sealing prob- 
lem: Inadequote or excessive pressure 
of threaded gland nut on seal coused 
distortion. iesult: binding of pi,yton 
rod, troublesome leaks, constont main- 
tenance, shortened product life. 


Waldes Truarc Internal Retaining Ring 
(Series 5000) is ^eld in correct posi- 
tion by pre-determined groove. Proper 
pressure on seal is insured for life of 
unit, increasing number of cycles from 


10,000 to 100,000! 


Using 4 Waldes Truarc Retaining Rings in their Check-N- 
Spect Air Power Units (for tire inspection and repair) saves REDESIGN WITH 4 WALDES TRUARC RETAINING 
Bowes Seal Fast Corp., Indianapolis, 40% in assembly 

time, 25% in cost. With Waldes Truarc Rings, assembly RINGS BRINGS THESE BIG SAVINGS... 

is simple...maintenance unnecessary. New design in- 
creases unit life from 1 to 10 years! 

Redesign with Truarc Rings and you too will cut costs. 
Wherever you use machined shoulders, bolts, snap rings, © Gives greater accuracy in positioning seal . 
cotter pins, there's a Waldes Truarc Retaining Ring de- о боо ОБЬ осона Ge 
signed to do a better job of holding parts together. y 

Truarc Rings are precision-engineered...quick and easy * Cost of old-type parts 
to assemble and disassemble. Always circular to give a 
never-failing grip. They can be used over and over again. 

Find out what Truarc Rings can do for you. Send your 


blueprints to Waldes Truarc engineers for individual at- TOTAL UNIT SAVING e ($25 


tention, without obligation. 


è Eliminates skilled-labor milling and 
threading operations 


e Eliminates maintenance 


© Less Cost of four Waldes Truarc Rings . 


* Net savings on parts 


Waldes Truarc Retaining Rings are available for immediate delivery from 
stock, from leading ball bearing distributors throughout the country. 


{== ав аз «шз em em em e em em аш аз OD OD аз з аш апей 


SEND FOR NEW CATALOG B) D | waides Kohinoor, Inc., 47-16 Avstel Ploce 


Long Island City 1, N. Y. 


WALDES Please send selector guide cotalog (4k-w) 


on Waldes Truarc Retaining Rings. 


ЛАГ и: —— 


PN-023 I 


س ا م 


Company. 


МЕ0. О. 8. PAT. OFF 


RETAINING RINGS ot | | 


! 

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK Olym ln ж 
WALDES TRUARC RETAINING RINGS ARE PROTECTED BY THE FO: LOWING PATENT NUMBERS: 

U. S. PATENTS 2.382,948, 2,420,921; 2,411,761, 2,487 не 2,487,002; 2,493,206 AND OTHER PATENTS PENOWG = en ap an که که که‎ an هه هه هه هه مه هه هه ده که‎ os os لے‎ 
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The solid shim stock 
that P-E-E-L-S for adjustment 


LAMINUM looks like solid metol. but «1 octvolly mode up of .002 or.003 inch layers of first quality shim stock, metollic- 


ally bonded together. Peels easily with o penknife. 


LAMINUM, the metal that peels, comes in a wide range of thicknesses and lamina- 
tions. Here is the basic information on this versatile, money-saving material. 


STANDARD STOCK 8” x 48” SHEETS 
BRASS AND STEEL 


002 inch 


| .003 inch 
Gauge |laminations 


| laminations 


tAlso aveilable os half laminated brass 
ond half solid brass. 
ttAvailable in bross only. 





PROPERTIES & SPECIFICATIONS 


BRASS — Raw material is a commercial half hard 
high brass conforming to Federal Spec. QQ-B-61 1a, 
Comp С, half hard (5/27/44). The laminated 
brass conforms to Navy Aeronautical Spec. S-122, 
Aeronautical Material Spec. AMS-4508, Navy Ord- 
mance Spec. 47B6. 


STEEL — The raw steel used in LAMINUM con- 
forms to Federal Spec. QQ-S-636, Condition 2, as 
well as SAE-1010. There are no government speci- 
fications on the finished steel LAMINUM. 


Normally all LAMINUM stampings are made 
by us to our customers’ specifications. How- 
ever, for repair and maintenance work, some 
of our standard stock is available from your 
industrial distributor. 


SHIM SIZE IS VIRTUALLY UNLIMITED 


We've made some shims as large as 102 inches across—and others as small as your 
fingernail. With special joints developed over the years, we can make any size 


LAMINUM shim you want. 


Other than standard thicknesses and lamination arrangements can be supplied 


upon special order. 


BABBITTED SHIMS PREVENT OIL PRESSURE LOSS 


Shims for use in split bearings can be fitted with babbitt lugs to prevent oil pressure 


loss without shaft scoring. 


LET OUR ENGINEERS HELP YOU. 


7 rs. Why not 
We've been designing shims for » yan. s no obli- 


throw that problem of yours at u! 
gation, of course. 


SEND TODAY 

FOR OUR ENGINEERING DATA FILE 
with all the quick facts on LAMINUM plus 
a free sample for your inspection. 


*LAMINUM is used primarily for shims. But 


these facts may spark other thoughts that 
we'd be happy to help you develop. 


LAMINATED SHIM COMPANY, Inc. 


1402 UNION STREET 


STAMPINGS 
218 


GLENBROOK, CONN. 


SHIM STOCK кс ewe! 
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Our Readers Say continued 
son, manager of industrial relations; 
Mr. Steen told me that he also had 
discussed at length your editorial on 
engineers with the other two men. | 
feel sure that eventually some fruit 
will come from the blossoms displayed 

There are two personal angles to 
the editorial, "Are There Too Many 
Engineers," that may be of interest. 


` First, in order to maintain good fore- 


man relations in this plant, I did not 
wish my views to be too — 
displayed in writing. Consequently, I 
removed the editorial and letter from 
our only copy of PRODUCT ENGINEER- 
ING and have it in my file. Secondl: 
engineering friends in our Emporium 
Pennsylvania plant kidded me about 
becoming famous and having my name 
appear in your editorial in PRODUCT 
ENGINEERING. The kidding occurred 
before I had seen the issue and caught 
me “cold” for want of a good reply. 
However, they concurred with the ideas 
advanced. H. L. RATCHFORD 
Sylvania Electric Products Inc 

Ed— The confirmation of the opinions 
expressed in this editorial was of great 
interest to us as it is felt that these 
views are shared by many others. 

Regarding the information you de- 
sire about the vibratory ball mill, it is 
believed that inquiries directed to 
Florence Forziati, W. K. Stone, J. W. 
Rowen, or W. D. Appel of the Na- 
tional Bureau of Standards will bring 
the data you need 


Copyright Problems 
To the Editor: 


Perhaps you will agree with us that 
the whole matter of obtaining per- 
mission for the use of copyrighted 
material is, at best, nothing more than 
a most annoying problem. We hardly 
feel that any considerable amount of 
publication can take place over a 
period of years without some violation 
of the accepted principles, and always 
with complete innocence. 

I refer specifically to certain mate- 
rial which appeared in the November 
issue of PRODUCT ENGINEERING which 
had appeared previously in the Design 
and Production Volume of Kent's 
Handbook. It is also our understand- 
ing that Mr. Carmichael has informed 
you of this occurrence I believe at the 
recent ASME meeting. 

Reasonably enough, nothing can be 
done about the issue of the magazine 
which has already been distributed, 
but, if our information is correct, fur- 
ther such articles are scheduled and, 
if they are to appear, we would hope 
that suitable acknowledgement to the 
source be given. Such permission as 
may be necessary will enthusiastically 





Simplify installation 
with the 


fully submerged 


LEAR-ROMEC 


To conserve precious space, aircraft designers immerse the Lear- 
Romec water injection pump within the confines of the anti- 
detonant reservoir itself, thus eliminating the need for an external 
mounting location. But a pump that will operate dependably under 
such unusual conditions requires unusual engineering. The com- 
pletely sealed motors in the Lear-Romec fully submerged water 
injection pumps are vented to the atmosphere through an explosion- 
proof breather plug. Anti-friction materials are used throughout 
to permit harmless dry running in case the antidetonant fluid is 
exhausted before the pump is turned off. The hazard of galvanic 
corrosion is prevented by insulating the pump parts with non- 
conducting separations that prevent water from acting as an electro- 
lyte. This thoroughly proved, fully submerged water injection 
pump—used on the Boeing 377 Stratocruiser, Consolidated CV240, 
Fairchild C-119, the Chase XC-123, the Boeing B-50, the Con- 
solidated B-36D, and the North American AJ-1—is available in 
vertical as well as horizontal models. (Model RD-8500 illustrated 


below.) Specifications and test reports are available upon request. 


LEAR ROMEC 


A DIVISION OF LEAR INCORPORATED AT ELYRIA, OHIO 


Lear loc., at Grand Rapids and Los Angeles, also makes electro-mechanical contro! systems, 
autopilots, gyro instruments, electric motors, aircraft radio, and automatic electronic controls. 





USE THE 
WORLD'S BEST 
at 
NO EXTRA COST 


CASTELL DRAWING 9000 
CASTELL LOCKTITE REFILL 
HOLDERS 9400-—8Black or Colored 
CASTELL IMPORTED REFILL 

LEADS 9030 


These encomposs every mood of 
genius for drawing, drafting, tracing, 
sketching, blueprinting, etc. 


7 e] 
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IMPORTED FROM 
AMERICAN ZONE 


.A. AWFABER 
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DRAWING 
ETOUCHING 


e Premium prod- 
ucis at regular 


A W.FABER CASTELL r 


FABER £isrert 


му тс NEWARE $"? 


Our Readers Say. . continued 
be granted by us, and I am sure Mr. 
Carmichael will so agree 
In any event, we hope you will feel 
that this letter is merely an expression 
of how we would prefer borrowed 
material to be handled, which we be- 
lieve agrees substantially with the pol- 
icies of your own publication. 
—]. S. BARNES 
Jobn Wiley & Sons, Inc. 
Ed—W e agree with everything in Mr. 
J. S. Barnes’ letter and we are thor- 
oughly appreciative of the fine spirit 
in which it was written. The material 
referred to is the article, ‘Factors In- 
fluencing Design of Natural and Syn- 
thetic Rubber Parts”, by Elwood F. 
Riesing which appeared Part I in No- 
vember PRODUCT ENGINEERING and 
Part II in December Propuct EN- 
GINEERING. The same material ap- 
pears in the “Design and Production” 
volume of Kent's Handbook, edited 
by Colin Carmichael. We absolve the 
author of any blame for this duplica- 
tion nor were the editors of PRODUCT 
ENGINEERING aware of the fact of 
prior publication in Kent's 


Versatile Switch 


the Editor: 

The October issue of Propuct 
ENGINEERING contained an excellent 
description of our Cartridge Type 
High Precision Hydraulic Relief Valve 
Unfortunately, however, the accom- 
panying photograph pictured our Hy- 
draulic Pressure Electric Switch. 

Both are very excellent precision 
mechanisms but, as versatile as the 


ii 


Carey Mey. & Sup. Co 
350! Brehm's Lone 

ALABAMA 
Owen-Bichards Co, ne 
1009 2nd Ave. M 


Howley Mordwore Co 

1120 Main St 

BROOKLYN, NEW YORK 

H. L. Orbie 

314-36 Sı 

BUFFALO, NEW YORK 

Root, Neo! & Co. 

64 Peabody St 

CHARLOTTE NORTH CAROLINA 


Matthews Morse Soles Co. 


Power Trans. Equip. Co 


313-327 Woter Sweet 
PORTLAND, 


beorng Dun buton, inc. Woedbwy & Ce. 
2618 Carnegie Ave 

Boston Geer Works 

211 St. Clow Ave., N. W. 

Mov-Sherwood Sup. Co. 


666 Porsons Ave 
DALLAS, TEXAS 
Geo. J. Fin Co 
2413-15 Commerce St. 
Darton. omo 
Klinger -Dills 
1041 Se. Patterson Biv 
Denver, COLORADO 
Western Belting & Роста Co. 
720-28 Woree S 
DES MOINES, IOWA 
Stonderd Beorings Co 
1014 Grong 1223-1229 N. (roadway 
omron, MICHIGAN SAN FRANCISCO, CALIPORMIA 
Chas. A. Stretinger Co. Boron Geer Works 
149-165 E. Lorned St 123 10m St 
EVANSVILLE, INDIANA C. Ww. Marwedel 
1235 Mission St 
SEATTLE, WASHINGTON 
Cragin & Co. 
932 First Ave. 5. 
SPRINGFIELD, MASSACHUSETTS 
Boston Gear Works 
Renoid-Cov - ue 29 w. $ 
443 King St 
NARTFORD, ‘connecticut 


2702 Pole Ave. 
INDIANAPOLIS, INDIANA 


Vonnegut Hardware Co. 
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TORONTO, ONTARIO 
Renoid-Coventry, Ld. 

50 Edward St 


Hoyt N. Payne Co. 


410 Е Ave 

— | PENNSYLVANIA 
Herr & Co., 

Freue 4 Сомка бп 

LONDON, ONTARIO 

Rencid Coventry id 

277 Fecodiliy 

LONG ISLAND CITY, NEW YORK 
L. C. Bigiow & Co., lnc. 
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LOS ANGELES, CALIFORNIA 
Andrews Hardware b Metal Co. 
334 S. Moin $t. 

Gerrett Supply Co. 

3844 5S. Senta Fe Ave, 
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The Boston Spur Gears cut 20° Pressure Angle in the foreground 
do the same job as the 144^ Angle Gears in back. A 20% saving 
in space — 20% saving in cost. 
Design Standardized BOSTON 
20°Gearsinto yourequipment. 
Consult Boston Gear Catalog 
No. 55. Free copy mailed on 
request. 


ga 


Sprocket and Chain 
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when you specify Gears 


Standardized BOSTON 20° 
Pressure Angle GEARS 
from stock 


SAVE 20% of your $ per HP 


20° Boston Gears of the same pitch average 20% 
lower cost per horsepower delivered than 14'4° 


SAVE 20% in space 


20° Boston Gears of finer pitch may be used for 
equal work — average space saving 20% 


SAVE 20% in purchase price 


20° Boston Gears of finer pitch may be used for 
equal work — average cost saving 20% 


Average increase in HP per 
Ib. of gear weight — 25% 


when you standardize on Boston 20° Gears 


Boston Spur Gears cut 20° Pressure 
Angle are stocked in 12-10-8-6 and 5 
pitch. 4// Boston Steel Miter Gears 
are now stocked in 20° Pressure 
Angle. 





LET A SIMPLE 
RETAINING RING 


SAVE METAL AND 
MONEY FOR YOU! 


On this finely made rheostat retaining rings 
saved material and assembly time. They save 
money both for Hardwick Hindle, the manufac- 
turer, and for its customers. 

Looking at this application you may say it 
was obviously a “natural,” but there are liter- 
ally thousands of cases where retaining rings 
can save as much or more. 

Examine your machines and products to see 
where the use of these inexpensive modern arti- 
ficial shoulders can cut your costs. 


THE NATIONAL LOCK 


It's needlessly expensive to hold a mechanism 
in place with unnecessarily big shoulders or 
collars, or to temporize with small cotter pins 
etc., etc. 

Let us show you how these high grade steel 
rings can do a thoroughly efficient job, saving 
money for you and for your customers. 

More and more applications of retaining rings 
are being made every day. 


Write today for descriptive folder. 


WASHER CO. 


NEWARK 5, NEW JERSEY © MILWAUKEE 2, WISCONSIN, U. S. A. 
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Our Readers Say continued 
switch may be, we cannot claim for 
it the performance of a relief valve 
We are enclosing a catalogue sheet on 
our electric pressure switch which will 
give you the information which 
properly belongs with any story used 
in connection with the picture. We 
are also enclosing a catalogue sheet 
on our valve which will give you the 
proper picture to go with the story 
you used—C LIFTON N. LOVENBERG 

Pantex Manufacturing Corp. 


Ed—Many thanks for calling our at- 
tention to the fact that we carried the 
wrong picture for the description of 
your product. Shown above is a photo- 
gtaph of the relief valve. We are 
sorry that this mistake occurred and 
hope that it has not resulted in any 
embarrassment to you. 


Supply and Demand 


To the Editor: 

We have noticed a very interesting 
article by Mr. J. A. Almen of the 
General Motors Research Laboratories, 
entitled “Fatigue Weakness of Sur- 
faces” in the November issue of PROD- 
UCT ENGINEERING. 

Is it possible for us to obtain copies 
of this particular article? We shall 
qo three or four of these copies 
if they are available.—A. G. HORVATH 

The Master Electric Co. 


Ed—Unfortunately, we underestimated 
the high demand for copies of this 
article and our reprint stocks were 
immediately exhausted after publi- 
cation. Evidently your interest in the 
article is shared by a great many other 
readers. 

We are, however, having additional 
reprints made and as soon as they be- 
come available, we will forward four 
copies to your attention. 


Designing a Testing Machine 
To the Editor: 


I have recently been called upon to 
design a machine to test rebuilt auto- 
motive shock absorbers, and I find 
myself confronted with little accurate 
knowledge about them. 

I would appreciate any information 
or sources of information you can give 
me about this subject. In addition, 
I would like to know whether such a 
machine is available at present. 

—Lewis E. THATCHER 
Berwyn, Il. 


Ed—To the best of our knowledge, 
there is no manufacturer of shock 
absorber testing machines. Such ma- 
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LUFKIN “advanced engineering“ gives you horizontal parallel 
shaft Herringbone gear speed Reducers and Increasers for 
every application. Though your problem may be unusuol, the 
Lufkin representative nearest you, or the home office, will put 
Lufkin experience to work for you to help you achieve the ex- 


cellence you wans. 


[b 


Large double reduc- 


tion 


r Reducer 


with motor base for 


Georgia paper mill. 


Special 400 h.p. Speed Increaser driving centrifugal 


pump at 3500 r.p.m. and driven by 400 r.p.m engine. 


| LUFKIN FOUNDRY & MACHINE CO. 


Please Send This Catalog 


NAME 
TITLE 
COMPANY 
STREET 
CITY 
STATE 


€ Couch ond Press Sec- 
tions of Newsprint Ma- 
chines, Refineries, Chemical 
Plants and the Oil Field 
number among other Lufkin 
installations where stam- 
ina and ability are so im- 
portont. 


Lufkin gear specializa- 
tion can be of particular 
value to you now as you 
pion for the most in cost 
saving, outstanding equip- 
ment operation. 


USE COUPON BELOW 
TO GET CATALOG 


Catalog 6-1 is packed with 48 
pages of information that can 
be very helpful to you in your 
planning for the most in cost 
saving, dependable product per- 


LUFKIN 
TEXAS 





R-B-M INDUSTRIAL 


CONTACTORS 2 44// 


Underwriters’ Approved. 
600 Voits AC 


Non-Reversing 
2 to 4 Pole 2-3/ 1^ w. x 3-5/8" h. x 3-5/16* d. 
5 to 8 Pole 5-9/16" w. x 3-5/8" h.x 3-5/16" d. 
Reversing 
2 to 4 Pole 5-9/16" w. x 3-5/8" h. x 3-5/16" d. 
Note: 10 and 15 ampere contactors have same mounting and over- 
all dimensions. 

ACCESSIBILITY 
To replace contacts, it is not necessary to disassemble the complete 
contactor. Just remove the parts comprising the stationary and 
movable contacts. Contacts can be replaced without disturbing 
wiring. To change coil, remove magnet frame and coil assembly 
only. (See illustration below.) 

FLEXIBILITY 
Using a screw driver only, you can easily change any pole from 
normally open to normally closed. No special parts required. 10 
and 15 ampere parts are interchangeable. 

RELIABILITY = 
Laboratory tests involving millions of operations, plus field serv- 
ice of thousands of R-B-M contactors on door operators, radio 
transmitters, packaging and weighing machinery, hoists, machine 
tools and many other industrial appli- 
cations offer proof of apania, 
trouble-free performance. 

ADVANCED DESIGN 
Melamine Insulation. Molded coil 
housing. Ilsco solderless connectors. 
50/60 cycle magnet coils. Palladium 
silver contacts. Stainless steel self-con- 
tained contact springs. 
Where space is a factor, and accessibility a 
must—use R-B-M industrial contactors. Initial 
low cost plus dp po will 
save you money. Write for Bulletin 600 and 


price list on your company letterhead. 
Address Dept. C-2 


à R-B-M DIVISION 
SSEX WIRE CORP. 
ogansport, Indiana 


MANUAL AND MAGNETI 
FOR AUTOMOTIVE INDUSTRIAL COMMUNICATION A 


| Our Readers Say continued 


chines are usually designed and built 


| by the interested aem 


It is suggested that you contact the 
Franklin Institute of Philadelphia, Pa. 
Its engineers have done considerable 
testing of shock absorbers, and they, 
undoubtedly, can give you some ideas. 


| We have had articles on the design 


and performance of shock absorbers in 


| issues of PRODUCT ENGINEERING. 
| These are: “Hydraulic Shock Absorb- 


ers—Orifice Designs and Equations”, 
page 92 of the February 1948 issue; 
"Design of Orifices for Hydraulic 
Shock Absorbers", page 146 of the 
April 1948 issue; "Hydraulic Shock 
Absorbers", page 140 of the December 
1949 issue. 


Where Can I Get It? 


Ultrasonic Washing Machine 


To the Editor: 

In the "Highlights" section of your 
December issue is an item "Ultrasonic 
Energy" applied to a domestic wash- 
ing machine 

Would you be so kind as to let us 
have such additional information as 
you may have on this development? 

—CHRISTIAN E. GROSSER 
Prof. of Mechanical Engineering 
Syracuse University 


Ed—This particular item seems to have 
aroused more than the usual amount 
of interest. Further information may 
be obtained from Excell & Jones, 
c/o Rupert R. Ellen, Australian Gov- 
ernment Trade Commission, 670 Fifth 
Ave., New York, N. Y. 


| Centrifugal Pump 


To the Editor: 


I would appreciate being supplied 
with the names of companies making 
a centrifugal pump which can handle 
a mixture of sand and water. I would 
like the pump to absorb under 10 
horsepower and to be sufficiently low 
in weight so that it could be mounted 
on a small farm tractor.—EARLE Cox 

Researcb Professor 
University of Massachusetts 


Ed—We suggest you write to any of 
the following firms: Fairbanks-Morse 
& Co., 1550 S. State St., Chicago 5, 
Illinois; Byron Jackson Co., Pump Di- 
vision, 2017 Terminal Annex, Los 
Angeles 54, Calif.; Gorman-Rupp Co., 
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Here we are again. e ® Radio people turned radar 


specialists . . . washing machine 
makers now making fire 
control devices . . . and the rest 
of us doing what has to be 


done — we're in the same boat. 


we have 
converted to fill 


your needs for 


cellular rubber 


SPONGE For insulation against 
the transmission of 


shock, sound, vibra- 
tion and the passage 
of dust, air, tempera- 


cell-tite* ture and moisture. 


Closed cell 
rubber, hard or 
soft. For insu- 
lation, flotation, 
space filling 
and sandwich 


construction. 


M *Spongex and Cell-Tite are our registered Trade Names 
Sheets, 


cord and strip; TT 
i T silicone 
die-cut shapes and 


custom molded forms. PONDEX The cellular rubber 
that works at ex- 


tremes of tempera- 
tures as high as 
500^ F or as low as 
—130° F. 


The World’s Largest Specialists in Cellular Rubber 
THE SPONGE RUBBER PRODUCTS COMPANY 


402 DERBY PLACE, SHELTON, CONN. 
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Pep oa ete 


MAINTAIN PEAK OUTPUT with Pheoll 
precision-made screws, bolts and nuts— 
they will speed your assembly work and 
improve product appearance. 


INSURE PRODUCT PERFORMANCE with 
Pheoll quality screws, bolts and nuts— 
standardize on these dependable indus- 
trial fasteners. 


HUGE MANUFACTURING FACILITIES assure 
rapid production of both standard and 
special fasteners. 


SINGLE SOURCE OF SUPPLY for screws, 


bolts and nuts in different sizes, types 
and metals. 


OVERNIGHT DELIVERY to principal cities 
from centrally-located Pheoll factory and 
warehouses. 


FACTS ABOUT YOU SHOULD KNOW 


€ One of the nation's leading producers of in- 
dustrial fasteners. 
@ Pheoll products are widely used in part as- 
sembly when quality is of prime importance. 
@ Men who produce Pheoll industrial fasteners 
are highly trained and experienced craftsmen. 
@ All products are manufactured under rigid 
quality control standards. 
@ Constant product inspection 
from laboratory metal analy- 
sis, through production and 
final finish is your assurance 
of precision made, trouble- 
free screws, bolts and nuts. 


Write for this free Bulletin 


<2 


SCREWS © BOLTS ® NUTS 


| Green, 


Our Readers Say 
Mansfield, Ohio; 


...+.- continued 


Marine Products 


| Co., 515 Lycaste Ave., Detroit 14, 


Michigan. 


Variable Speed Drive 
To the Editor: 


Please send us more information on 
the variable speed drive featured in the 
article, “Variable Transmission with 
Ring of Balls", on page 155 of the 
July, 1950 issue of PRODUCT ENGI- 
NEERING. 

—NOoRMAN E. VANZANDT 
Cadillac Motor Car Division 
General Motors Corp. 


| Ed—Further information may be ob- 


tained from Allspeed, Ltd., Oaken- 
shaw Wks., Clayton-Le-Moors, Ac- 
crington, Lancaster, England. 


| Last Resort 


To the Editor: 

We have been given the name of 
Messrs. Duncan and Bailey Inc., of 
the U. S. A. as a manufacturer of fluid 
magnetic torque control clutches but 
have been unable to ascertain the ad- 
dress of this company. We are very 
interested in the possibilities of the 
applications of such clutches and 
wonder whether you could put us in 
touch with the firm. We apologize 
for troubling you in this matter. How- 
ever, we have exhausted all other 
sources we could think of for finding 
the address. —S. L. ROBINSON 

Sargrove Electronics Ltd. 
Effingham, Surrey, England 


Ed—Please feel free to consult us on 
any matter in which you think we can 
be of help. The address of Duncan 
and Bailey, Inc., is 785 Hertel Ave., 
Buffalo, N. Y. 


National Inventors Council 


To the Editor: 


On page 151 of your December 
1950 issue of PRobUCT ENGINEERING 
you mention a National Inventors 


Council which “circulates to interested 


inventors lists 

problems." 
Whom should I contact to have my 
name added to those who receive these 
lists? —]. P. WAGGENER 
Walled Lake, Mich. 


covering inventive 


Ed—For further information regard- 
ing the National Inventors Council, 
we suggest you write to Mr. John 
National Inventors Council, 
Department of Commerce, Washing- 
ton 25, D. C. 


a metal ball 
PROBLEM? 


Whether it is a pre- 

cision ball bearing 

or one of the other 
many ball applications in in- 
dustry, your problem will not be 
entirely new. Strom has been in 
on many ball problems and 
knows the importance of the 
right ball for the job. 

Strom has been making pre- 
cision metal balls for over 25 
years for all industry and can be 
a big help to you in selecting the 
right ball for any of your require- 
ments. In size and spherical 
accuracy, perfection of surface, 
uniformity, and dependable 
physical quality, there’s not a 
better ball made. 


2 Largest Independent and Exclusive 
Metal Ball Manufacturer 
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OILGEAR 
FLUID POWER 


on Injection 
Molding Machines 


Rapidly closes die . . . cushions die closing . . . 


maintains a preset clamping force on die... moves 
injection ram rapidly . . . automatically reduces in- 
jection speed to optimum . . . dwells under pressure 


as plastic sets . . . returns injection ram rapidly . . . 
slowly “breaks away" die... rapidly opens die... 


slows down to strip parts from die. 


The most productive method of 
making plastics parts is the injec- 
tion molding process. An outstand- 
ing manufacturer of injection mold- 
ing machines is the Watson-Still- 
man Company. Pictured above is 
the Watson-Stillman 12-ounce in- 
jection molding machine, equipped 
with two Oilgear pumps and the 
requisite Oilgear control valves. 

Control of operations can be 
either manual or automatic. Clos- 
ing the guard gate starts the cycle. 
All that follows is performed auto- 
matically by Oilgear. The molding 
die clamping ram closes rapidly 
yet final closure of the costly die is 
completely cushioned. Preset 
pressure on the die is held while 
the injection ram darts in, slows 
down to optimum speed to inject 
the hot plastic charge home and 
dwells while the plastic sets. Then 
the injection ram retreats at high 
speed. The clamping ram breaks 


the die apart carefully, opens swift- 
ly then slows down for stripping 
the finished piece from the mold. 

These unique time-saving, die- 
saving, money-saving, better prod- 
uct producing functions possible at 
variable and preset speeds are 
gained by means of an Oilgear 
one-way variable delivery pump 
with automatic pressure unloading 
control and electric remote con- 
trol, an Oilgear constant delivery 
pump, associated control valves 
and cylinders. The application rep- 
resents only one of many machine 
problems solved by Oilgear engi- 
neers long-experienced in the ap- 
plication of a comprehensive line 
of Fluid Power equipment to an 
equally broad range of machines. 
Foremost in Fluid Power, Oilgear 
can solve your machine problems 
too. THE OILGEAR COMPANY, 
1571 W. Bruce Street, Milwaukee 
4, Wisconsin. 


Oilgear Ju d. Powe ce 


Watson-Stillman 12-02. Injection Molding Machine equipped with Oilgea® 
One-Way Variable Delivery Pump and an Oilgear Constant Delivery Pump 
together with required control valves. 


ARE YOU TRYING TO: 


. Apply large forces through long . . . or 


short . . . strokes at variable speeds? 
Obtain automatic work cycles, variable 
speeds in either direction with or 
without preset time dwell? 


. Apply large forces through continuous 


or intermittent reciprocating cycles at 
constant or variable velocities? 


. Obtain extremely accurate control of 


either position or speed of a reciprocat- 
ing member? 


. Apply accurately variable pressure 


either static or in motion? 


. Closely synchronize various motions, 


operations or functions? 


. Apply light or heavy forces at 


extremely high velocities through either 
long or short distances of travel? 


. Obtain continuous automatic reversing 


drives at constant R.P.M. or over a wide 
range oí speed variation? 


. Obtain accurate remote control of speed 


and direction of rotation, rates of acoel- 
eration and or deceleration? 


. Obtain constant horsepower output 


through all or part of a speed range? 


, Obtain automatic torque control? 
. Obtain accurately matched speed of 


various rotating elements? 





Obtain constant speed output from a 
variable speed input? 
Obtain full preset automatic control, 


elimination of problems of shock, vibra- 
tion, etc.? 


You Need Oulgear! 





Ешй. рй 
POWDER 
METALLURGY |. S —— 


from iron sintered powder with close 
tolerances throughout. Made by the 
Wel-Met Company, Kent, Qhio, it is oil-impregnated for permanent 
lubrication. The hole is off center, but this is no problem for powder metallurgy. 


Originally, the part was machined from bar stock, and it was 
extremely difficult to hold the required close tolerances. 


Powder metallurgy production of this piece eliminated machining and finishing, 
and waste material. In addition, longer life for the part and reduced costs were realized. 


{ Parts made from powder metal can be designed for such properties as high tensile strength, hardness, 
$ ductility, corrosion resistance, self-lubrication, controlled 
porosity, or a combination of several such factors. 


Stokes does not make powder metal parts . . . only powder metal 
presses in many sizes and capacities. Mail the coupon for 

“Two Dozen Years in Powder Metallurgy" . . . it tells 

what Stokes offers you in determining if 

powder metallurgy is a practical process for 

your parts production. 


[HE F. 3. STOKES MACHIN 


F. J. Sroxes Macuine Co. O Send me “Two Dozen Years in Powder Metallurgy” 


— в — DO Let us know if part attached is adapted for powder 
ILADELPHIA 2 A. 
` metal production. 


ПШ Samaa 
COMPANY. 
ADDRESS 


Crrr. 


228 PRODUCT ENGINEERING — FEBRUARY, 1951 





NEW BOOKS 


Problems in Engineering 
Drawing, Third Edition 


W. J. LuZADDER, Associate Professor 
of Engineering Drawing, Purdue Uni- 
versity; J. N. ARNOLD, Associate Pro- 
fessor in General Engineering, Purdue 
University; and F. H. THOMPSON, 
Lecturer in Engineering Design, Uni- 
versity of California. 63 Sheets, | 
84 x 11 in. Published by Prentice- 
Hall Inc., 70 Fifth Ave., New York 
11, N. Y. $4.35. | 


The worksheets that make up this 
volume are for use with the text, 
“Fundamentals of Engineering Draw- | 
ing”, by W. J. taala published by 
Prentice-Hall, Inc. or for use with 
similar texts. The aim in preparing 
these sheets has been the presentation 
of the maximum amount of subject 
matter within a limited time. To fur- 
ther this aim the authors have reduced 
the need of copying familiar material 
as much as possible. 

The problems are divided into 
groups which follow the conventional 
attern. The first section, lettering, 
|е the student from practice іп 
lettering to its use on drawings. This 
is followed by a section whose work- 
sheets give practice in the use of in- 
struments and geometrical construc- 
tion. Next come groups to teach 
multi-view drawing ual sketching, | 
auxiliary views, sectional views and 
dimensioning. In these, to prevent | 
copy work, the authors have delib- 
erately omitted or incorrectly repre- | 
sented aspects or dimensions of draw- | 
ings. Sections on screws, threads, and | 
fasteners, working drawings, assembly | 
drawing, pictorial drawing and inter- | 
sections and developments complete | 
the series. 


READING MANUPACTURERS STANDARDIZE ON THE BIJUR SYSTEM 


by controlling oil film at the bearings 


| Oil film at the bearings каш the 
ucing 


metallic surfaces apart, 


| wear to a minimum. This oil film 


Fundamentals of 
Quantum Mechanics 


Enrico Persico, Director of the De- 
partment of Physics, Laval University, 
= Translated and edited by 
JEORGE M. TEMMER, Research Asso- 
ciate, Department of Physics, Uni- 
versity of Rochester. 484 pages, 6 x 9 
in. Published by Prentice-Hall, Inc., 
70 Fifth Ave., New York, N. Y. $8. 


The fundamental laws and the 
mathematical and experimental meth- 
ods of investigation of quantum me- 
chanics are presented with a few 
applications. Spectroscopy, statistical 


| must be maintained constantly to be 


effective. 


Lubrication by hit and miss meth- 
ods can’t be depended eyon to keep 
bearings running smoothly. Proper 
lubrication requires a system which 
force-feeds the correct amount of oil 


LONO ISLAND 
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to all i and carefully con- 
trols the oil flow at each individual 
This is accomplished by Bijur, the 
system with positive 

eter-Unit control of oil 
flow at the bearings. For 
further details write for 
“The ABC of Modern 
Lubrication.” 


I, NOW YORK 


Romana a i am 


Eo 


j 
Ы 
4 
H 
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G with 


“custom” 
precision 


Orders for Sewall Stock Sprockets carry the 
assurance of complete interchangeability 
and satisfactory performance. Wide range 
of sizes. Send for the Sewall Catalog. 


Prompt quotations on your requirements 
of special gears and sprockets. 


By the Makers 
f 


o 696 Glendale St. « St. Paul 4, Minnesota 
Sewall Gears 


Precision 
Mass Production 


We specialize in small precision rubber 
parts produced by our exclusive in- 
-jection molding process. Where accu- 
racy and close tolerances are required 
—call for injection molding. Hundreds 
of successful installations on hydraulic 
equipment . . . automotive machinery 

. radios and television . . . refriger- 
ation equipment . . . pneumatic ma- 
chinery ... valves. . . electrical equip- 
ment. Natural or synthetic rubber. 
Special compounds made to your spe- 
cific requirements. Send us your blue- 
print or specifications for a prompt 
analysis and quotation. 


e O-Ring Seals e Insulators 

e Grommets e Bushings 

e Pump Impellers 

e Specialized units including rub- 
ber-bonded-to-metal 


OFFICES: New York 
® Chicogo e Cleveland 
e Detroit © Milwaukee 
Write for Circular on 
INJECTION MOLDING 
or O-RINGS 


" 


3634 Wooddale Avenve 


MINNESOTA RUBBER & GASKET CO. Minneapolis 16, Minn. 


New Books continued 


theories, the theoretical interpretation 
of the periodic table, the theory of 
the chemical bond and the problems 
of atomic collisions are not included. 

In general, a compromise between 
the less rigorous qualitative approach, 
based on analogies, and the more ab- 
stract, logical approach based on exact 
analysis has been made in an attempt 
to satisfy a wide variety of readers. 
Most engineers reading for general 
interest will be more taken with the 
first, intuitive viewpoint; physicists 
and those readers with a firm back- 
ground in atomic physics and post- 
graduate mathematics will find the 


| most exact approach more to their 


liking. The balance has been achieved 


| by dividing the book into three parts. 


The first section gives an overall his- 
toric view of the evolution of quantum 
mechanics. The important experiments 


| on which the theory is based are de- 


scribed and the theory itself is out- 
lined without advanced mathematics. 
The blind alleys and half-true compli- 
cations that accompanied each advance 
are omitted and the evolution of quan- 
tum mechanics as it is known today 
is presented logically and cleanly in 
a way that will appeal to any technical 
reader. In 84 pages, the author gives 
a gooá introduction to those branches 
of physics and mathematics that have 
replaced Newtonian concepts for the 
atomic level of matter. 

The second section is closer to the 
specialist's heart and begins with an 
introduction to the high-powered 
mathematics they employ. Quantum 
mechanics in the particular form of 
wave mechanics is developed on the 
basis of the uncertainty principle. The 
more important problems of a single 
particle are treated with the mathe- 
matical tools outlined at the beginning 
of the section. The last chapter covers 
the old quantum theory of Bohr and 
Sommerfield which is still important 
from an instructional viewpoint. Al- 
though not in historical order this 
arrangement can be considered logical 
from the fact that many of the pos- 
tulates required by the Bohr reasoning 
can only be justified by a first approxi- 
mation from the laws of wave me- 
chanics. 

This section is hard reading for the 
non-specialist but an intensive study 
of these four chapters will give the 
reader a solid background in the rea- 
soning methods used in the field and 
a good grasp of the mathematical tools 
involved. The probabilistic approach 
to atomic problems and the wave me- 
chanics of a particle in one and three 
dimensional problems are laid out in 


| addition to the Bohr-Sommerfield 


theory. 
The third section covers general 
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PACKARD Plus Performance 


FRACTIONAL HORSEPOWER for Your 


MOTORS Un 


The performance record of Packard 
motors has been proved and approved 
by repeated expressions of customer 
satisfaction and good will that in- 
crease thevalue and trade acceptance 
of Packard-equipped products. 

For 34 years we have concentrated 
our skill, experience and resources 
on the manufacture of soundly 
designed, ruggedly built fractional 
horsepower motors. Today—with 
expanded facilities for engineering 
and manufacturing —we continue to 
concentrate in this one field. 


Profit by our reputation—benefit by 
our concentration—and choose Pack - 
ard fractional horsepower motors for 
plus performance, lasting depend- 
ability, and complete satisfaction. 


GM 
sees 


Packard Electric Division, General Motors Corporation 
Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-FOUR YEARS 
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methods of quantum mechanics. An 
I O о v E R H о ы [3 D R A € [3 WAY E introductory chapter outlines the ad- 
à vanced mathematical methods used, 
including Hilbert space and matrices. 
As much as possible, however, the 
section avoids the more abstract 
methodical n and attempts to 
give the broadest possible understand- 
ing. General theory, the matrix 
method, perturbation theory, relativity 
and spin, and systems with identical 
particles are treated. 
By his own admission, the trans- 
lator has attempted to keep as closely 


as possible to the original style as far 
POLISHED 


ү as that was permitted by the difference 
Polished Raceway surface 


magnified 100 times os in idiom. To some extent, this ideal 
used in ether ball 


e | of keeping faith with the author has 


added weight to the prose. However, 
F noover HONED the reader rapidly adjusts to this, and 
‘en (ne. € usd ante t. whatever — is involved disap- 


ively in Hoover Boll ` i 
hope Tae a pears in the first few chapters. 


Electrical Engineers Handbook 


it's the HaRoLD PENDER, PP. D., Sc. D. and 
Кмох McCILWAIN, B. S$., E. E., Edi- 
raceway tors, 6 x 84 in. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 

that N. Y. 16, N. Y. $8.50. 


a | The first edition of this handbook, 
makes the compiled by a staff of specialists under 
; the editorship of Harold Pender, ap- 
difference peared in 1914. The second edition, 
under the joint editorship of Pender 
and William A. Del Mar, was pub- 

lished in 1922. Both these editions 

- О OV t [4] covered all branches of electrical engi- 

neering as well as a large amount of 

i i material dealing with allied fields of 
A S8 Mu RR ON | y interest to electrical engineers. 

The third edition, published in 


F A Д L к Е А к А Lg G 1936, was divided into two volurnes: 


one on electric power under the editor- 
4 | ship of Pender, Del Mar, and Knox 
WI t h H one 1 R acewa | М Mellwain: the other on electrical com- 
munication and electronics under the 
editorship of Pender and Mcllwain. 
Certain tables and fundamental theory 
* о % І оп є ег 1 i f e were duplicated in the two volumes in 
order that each might be complete and 
independent of the other. 

30 ^ greater load This plan has been continued in 
e the fourth edition. The growth of 
A ma zi ra a Q ha z etnes * knowledge and the greater degree of 
$ p in the various phases of 
electrical engineering have necessitated 
a шей enlargement of both 
volumes. Careful selection and com- 
pression have been exercised in an 
The Aristocrat effort to keep the books compact and 
2 readable. e treatment of subjects 
of Bearings of decreased importance and those 
which are adequately treated by other 
handbooks of the Wiley Handbook 
Series has been either curtailed or left 

unchanged in length. 
The bibliographies have been pre- 
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nder (lass... ar LAST FOREVER! 


If you could pack your electrical apparatus in 
glass, there's no telling how long it would last! 


But it's service use that pays off in profits, so a 
prominent locomotive maker chose the next best 
use for the protective qualities of glass—or, more 
specifically, insulating materials made with 
Fiberglas* yarns. 

Here's how he does it: 


Electric traction motors that directly drive the 
wheels on diesel-electric engines, normally have a 
usable life of only 600,000 road miles. Armatures 
and coils insulated with organic materials break 


down under service use, causing costly down-time. 


The solution: Coil and armature insulation made 
with Fiberglas glass-base materials and silicones 
which permit higher currents, resist heat far longer. 
The result: traction motor ratings increased from 
700 to 835 amperes . . . braking effort upped 23% 
. . . locomotive rating upped 25% . . . and, most 
important of all, road-mile life increased 8 times! 


This is just one example of product improve- 
ment made with Fiberglas glass-base insulations. 
If you make'or use electrical apparatus, it will pay 
you to specify Fiberglas insulating materials. 


OWENS-CORNING FIBERGLAS CORPORATION, ELECTRICAL SALES DIVISION, 16 East 5óth Street, New York 22, N. Y. 


IFIBERGLAS 


*Fiberglas is the trade-mark (Reg. U. S. Pot. Off.) 
of Owens-Corming Fiberglos Corporation for a 
variety of products made of or with gloss fibers. 


*$999998999992899992899999998999899909909094894599295299999809489608490998999890990998902949209099822495424492559522529542292?928295 
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engineers at 
HARRIS-SEYBOLD 
chose GAST 
AIR PUMPS 

for three 

OFFSET PRESSES 


BEFORE 
ADOPTING 
GAST UNITS, 


Harris-Seybold engineers put these 
rotary Air Pumps through their 
paces! In the factory, and in actual 
press rooms, careful checks were 
made on performance, construction, 
and dependability. And Gast Air 
Pumps proved their merits! 


As a result, they are now standard 
equipment on 3 Harris-Seybold 
models, including their 22 x 34 two- 
color offset press. 


Yes, there’s a trend to Gast Air 
Pumps for presses and printing 
equipment . . . and for scores of 
other applications where trouble- 
free performance is vital. Write, 
describing your original equipment 
problem."Air may be your Answer!" 


Have you seen Gast Ap- 
plication Ideas booklet, 
showing 26 product prob- 
lems and solutions? Sent 


on request. 


Original Equipment Manufacturers for 
Over 25 Years 


LT SY am 


AIR MOTORS » COMPRESSORS - VACUUM PUMPS 


(то төн и) (70 20 183.) (fo 26 INCHES) 
GAST MANUFACTURING CORP, 139 Hinkley St. Benton Horber, Mich. 
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New Books .. 


pared with the idea of assisting the 
reader to further study of each supject, 
and they reflect each author's idca ot 
this plan. The publications referred 
to are, in general, in the Engineering 
Societies Library, 29 West 39th Street, 
New York, N. Y. Most of them may 
be borrowed from the Library by 
members of its Founder Societies, the 
American Society of Civil Engineers, 
American Institute of Mining and 
Metallurgical Engineers, American So- 
ciety of Mechanical Engineers, and 
American Institute of Electrical Engi- 
neers. 

Seventy-eight specialists in their re- 
spective fields have contributed to this 


continued 


rewritten edition of the Electronics 


and Communication portion of the 
Handbook as compared with twenty- 
seven, forty-five, and fifty-seven in pre- 
vious editions. This reflects the rapid 
widening in the electronics field. In 
particular, frequency modulation and 
all the pulse techniques in both the 


| communication and radar fields appear 


in the volume for the first time. The 
increased complexity and importance 
of radio aids to navigation are also of 
interest. 


Laplace Transformation 


WILLIAM TYRRELL THOMSON, Pro- 
jessor 
Wisconsin. 230 pages, 9 x 6 in. Pub- 
lished by Prentice-Hall Inc., 70 Fifth 
Ave., New York, N. Y. $5. 


This book covers the theory of 
Laplace transformation and discusses 
its application to various problems in 
engineering and physics. The opera- 
tional method here refers to the mod- 
ern approach of functional transfor- 
mation where the function in terms 


_of the real variable t or x is trans- 


formed to a subsidiary function of the 


variable s by means of the Laplace | 


integral. The inverse operation is 
then identified either by the original 
transformation or for more compli- 
cated functions, by the inversion in- 
tegral based on complex variables. This 
procedure is taken by the author as 
being mathematically more precise than 
the more ambiguous approach of sym- 
bolic algebra used by Heaviside. 
Considerable thought has been 
given to the organization of the mate- 
rial for simplicity of mathematical de- 
velopment. The idea of functional 
transformation and its inverse is intro- 
duced in the beginning of the book 
so that the reader can recognize its 
procedure and utility from the first. 
The versatility of the method is greatly 
increased by the introduction of the 
unit functions and several theorems 
in the second chapter. The third and 





of Mechanics, University of 


ae 


GRAPHITE METALLIZING 
CORPORATION 


1012 NEPPERHAN AVENUE, YONKERS 3, NEW YORK 
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you can FORGET COUPLING SHUTDOWNS— 


pit KOPPERS ENGINEERING 
STOPS COSTLY FAILURES 


In oil fields, steel mills, power plants . . . all through 


These FAST’S COUPLING Senices industry . . . cost-wise executives report that Fas/'s 


Couplings, designed, manufactured and guaranteed by 
aaue gaa moneg! Koppers, are the best insurance against coupling 
et ЕРТН failures! Take a tip from these users who know. 
Specify Fast's and forget your coupling problems! 


Па ес =ске ые үрү 


By specifying Fast's, you get the benefit of Koppers 
Engineering Service, acknowledged best in the indus- 
try. Koppers Engineers, backed by 30 years coupling 
experience, study your problem . . . then show you 
wbicb Fast's Coupling fits your application, (and more 
important) why you need it! 


UNSURPASSED ENGINEERING . . . 
Koppers Engineers are acknowledged the 
best in the coupling industry. Their practical 
knowledge, backed by 30 years of cou- 
pling experience, is at your service! 


Only Koppers can offer you this valuable service . 
only Koppers offers Fast's, the original gear-type 
Couplings will outlast equipment they con- coupling. Fast's Couplings assure you freedom from 
nect if properly maintained. Their cost may expensive coupling failures in your plant because 
be spread out over 25 yeors or more, Fast’s have no perishable parts to fail! 
offering you lowest coupling cost per year GET THE FACTS: Mail coupon today for your free copy 

of the Fast’s Coupling Catalog, published by Koppers. 
Shows how Fast's operate, describes the many sizes 
and types. Gives full details about Koppers 
Engineering Service. Send for your copy today. 


LOWEST COST PER YEAR . . . Fos's 


FREE CATALOG 
KOPPERS CO., INC., Fast's Coupling Dept., 
232 Scott Street, Baltimore 3, Md. 
THE ORIGINAL Please send me a free copy of your Fast's Coupling 


GEAR-TYPE Catalog. 
Ф 
Company 
Address 


—————— LEE] 
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FAWICK INVITES YOU TO 


OF THE "E" or "S" TYPE BRAKE 


The New Fawick “S$” 


The established 

Fawick “8” Brake, 

acclaimed by ell 

users for its top- 

efficiency per- 
formance. 
Continuing the policy of providing press and shear users with the 
safest and most efficient clutches and brakes, the Fawick Airflex 
Company have designed, in addition to the Fawick "E" Brake, the 
new Fawick "S" Brake. Users may now choose between these top- 
efficiency brakes—the “E” Brake if they prefer an air-applied brake, 
the "S" Brake if they prefer a spring-applied and air-released brake. 

The new “S” Brake is of unique multiple-shoe design, with the 

springs applying a double-spring force to the heel and toe of adjacent 
brake shoes. The shoe arrangement provides self-energizing features 
which produce more than adequate braking power. This insures 
machine and worker safety as well as improved inching characteristics. 
The ruggedly built “S” Brake is air- 
released through generous-sized air 
cylinders, permitting instant and uni- 
form disengagement. 


FAWICK AIRFLEX CO., INC. 
9919 CLINTON ROAD, CLEVELAND 11, OHIO 





fourth chapters deal with the various 
— to problems involving 
ordinary differential equations. Wher- 
ever possible, "odd interpretation 
of the solution is given. 

To give further insight into the 
method of Laplace transformations, a 
chapter on the theory of complex 
variables is introduced. In it the argu- 
ments necessary for the understanding 
of the inversion integral processes are 
presented. 

The remaining chapters deal with 
somewhat more advanced problems. In 
Chapter 6, problems involving partial 
differential equations are taken up 
with emphasis on the procedure of 
the inversion integral. Iterated trans- 
forms are also discussed in relation to 
such problems. 

Chapter 7 is included to illustrate 
the applicability of Laplace transfor- 
mation to difference equations. The 
problems dealt with are of a simple 
variety, however, involving only one 
space coordinate. Transients in such 
a system are not considered. 

One important field for which the 
Laplace transformation is thoroughly 
developed is that of the closed-loop 
systems discussed in Chapter 8. The 
brief treatment of this chapter is suf- 
ficient for the reader to obtain an in- 
troductory knowledge of such systems 
and their stability. 

The closing chapter discusses the 
two types of analogies frequently used 
in analysis. It should be evident that 
analogies provide a means of express- 
ing mixed systems in terms of a single 
system, be they electrical, mechanical 
or acoustical. 

In keeping with the aims of applied 
mathematics, a balance between rigor 
and physical insight has been obtained. 
The book is written in such a way as 
to stimulate further interest in the 
use of Laplace transformation. 


Protective Coatings For 
Metals 


J. W. GAILER and E. J. VAUGHAN. 
261 pages, 6 x 9 in. Published by 
Charles Grifin & Co., Ltd., 42 Drury 
Lane, London WC 2, England. $3.36. 


Describes the most important of the 
various films or coatings which are 
applied for the protection of the more 
commonly used metals, clearly ex- 
plaining the theory of their action and 
specifying in detail the methods of 
application. An as that receives 
careful attention is the scientific choice 
of coatings for particular environ- 
ments. Tables are given which show 
at a glance the salient facts about each 
process. The authors’ practical expe- 
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Whether you make dragline buckets 


truck trailers * - d with Inland HI-STEEL , you can retain the same 


$ 


м i, 
structural strength ^N uet save enough steel on everu three units to 


fabricate a fourth one! 0 Г) U Ù: E Where pauload is important 
D extreme strength and оне fis of ur essential | 


Ні STEEL ; is the answer. When you must make your m stronger < а 


Tt 
or make it lighter or make it last longer ¥ 2) W without increasing your 


2 à 
steel tonnage HI-STEEL is the answer. HI-STEEL:; yield point CV is 
A 


nearly twice as high as ordinary structural-grade carbon steel, plus superior notch 


toughness and fatigue strength. HI-STEEL:; resistance to atmospheric corrosion 


І 
"ar is four or five times as much as ordinary carbon steel. Abrasion ' 


resistance ” W| mau be improved as much as 12 times 
(/ 


over ordinary carbon steel, depending on the abrasive medium. No change in shop 


5 гов 
practice 77 is ordinarily required when fabricating HI-STEEL. 
® 
INLAND STEEL COMPANY: 38 So. Dearborn St. Chicago 3, III. 


SALES OFFICES: Chicago, Davenport, Detroit, Indianapolis, Kansas City, Milwaukee, New York, St. Louis, St. Paul 
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SEALMASTER 


BALL BEARING 
UNITS 


Any machine is a better product 
when it is equipped with SEALMASTER 
ball bearing units. SEALMASTERS are de- 
signed and manufactured to give users the 
best possible bearing performance with the 
least amount of maintenance attention. An 
exclusive combination of the most important 
bearing features insure a long life of depend- 
able service under the most exacting condi- 
tions. SEALMASTER units give superior 
performance in the field . . 


. the best proof 
of quality. 


esase son 
STEPHEN 


© RIDGEWAY AVENUE, AURORA, ILLINOIS 


\ ave co. / 


PERMANENTLY SEALED! 
Felt-lined steel flinger roto- 
ting in labyrinth prevents en- 
try of dirt or loss of grease. 


SELF-ALIGNING! Bearing 
unit, with seals independent 
of housing, aligns itself with- 
ovt secl distortion. 


PRE-LUBRICATED! Proper 
amount of lubricant is placed 
in bearing chamber before 
shipment... unit is ready for 
immediate use. 


NO HOUSING WEAR! Pot- 
ented locking pin and dimple 
prevents rotation of outer 
roce in housing, and posi- 
tions beoring for relubrica- 
tion... No housing wear 
means quiet operation. 


SealMaster Ball Bearings 
are available in a complete 
line of standard units: Pil- 
low Blocks « Flange Units 
* Hanger Units « Cartridge 
Units + Flange Cartridge 
Units * Take-Up Units. 


-ApAMSON 


LOS ANGELES, CALIF. + BELLEVILLE, ONT 


iu AU Principal Cities 


+ 





New Books . continued 


rience of dealing with corrosion prob- 
lems in wartime has been used to 


| good advantage, especially in the sec- 


tions on inspection. 

The book has been written with 
the object of presenting information 
on protective coatings in the light of 
advances made in this field during the 
last decade. The authors have rec- 
ognized the needs of manufacturers, 
designers and inspecting authorities 
and have attempted to meet them all, 
at the same time maintaining a theo- 
retical background in the hope that 
this will encourage readers to approach 
their problems from this angle. 

The subject matter has been classi- 
fied, as far as possible, according to 
the type of coating; and, under each 
class, durability, formation and inspec- 
tion of individual coatings are dis- 
cussed. The more general aspects of 
inspection have been made the sub- 
ject of separate appendices to avoid 
confusion in the main text. Much of 
the information on better-known coat- 
ings has been summarized in tabular 
form at the end of the book for the 
purpose of ready reference. 


Refrigeration Engineering 


Н. J. MacINrIRE of tbe University of 
Illinois and F. W. HUTCHINSON of 
the University of California, Second 
Edition. 610 pages, 6 x 9 in. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., N. Y. 16, N. Y. 
$6.50. 


This book supplies the engineer with 
modern data on essential principles of 
refrigeration and with recent advance- 
ments of commercial machinery. 
Theory comes first in the text. After 


| fundamental thermodynamics and theo- 


retical cycles of refrigerants, fluid 
flow, insulation, absorption and its 
allied cycles, etc. are clearly explained, 
commercial equipment is described as 
well as special applications of refrigera- 
tion engineering. 

Featured in this edition is informa- 
tion on the analysis of transient phe- 
nomena in refrigeration, a concise 
treatment of the heat pump, comfort 
panel cooling systems presented in a 
detailed design procedure, and 211 il- 
lustrative figures plus more than 200 
problems. In addition, there are over 
50 full-page graphical solutions giving 
direct-reading valués of the film co- 
efficient of heat transfer for most of 
the commonly-used refrigerants when 
being heated or cooled as either a sub- 
cooled liquid or a super-heated vapor. 

An extensive discussion (two chap 
ters) of the analysis of transient phe- 
nomena in refrigeration is included. 
Such phenomena include pull-down, 
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Howell welcomes the hard 
jobs. Here’s an example. 
This machine makes auto- 
matic transmission cases for 
a leading auto maker. It 
turns out 85 pieces an hour, 
has 27 stations, 83 cutting 
tools. It automatically drills, 
chamfers, reams, and taps all 
holes in ends, sides and top 
of the transmission cases— 
even shuts off automatically 
when tools need changing. 


That 20 Howell Motors were 
selected to power this job is 
a tribute to the quality and 
dependability of these preci- 
sion-built, industrial motors, 
and to the service Howell 
offers to manufacturers like 
yourself. 


". 


ED 


THE CASE OF AN AUTOMATIC TRANSMISSION 
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Howell Type K Motor. Offers constant Howell makes specially designed Howell Sanitary Motors meet the 


performance in the presence of dirt, 
dust, fumes, and moisture. Sizes from 
3 to 150 H.P. at 1800 R.P.M. Either 
vertical or horizontal mounting. 


motors—vertical, round body, flange 
and face mounting, built-in stator and 
rotor jobs, etc.—to meet a wide range 
of requirements. 


most exacting standards of the dairy 
and food industries. They contain no 
pockets, cracks, or crevices. Available 
for vertical or horizontal mounting. 


Read this if you need special motors 


Howell offers a unique job-engineer- 
ing service for special motor appli- 
cations. 

With it, you get: (1) cooperation of 
our engineering personnel; (2) prompt 
quotations on both standard and cus- 
tom motors; and (3) the ability to 
accurately manufacture custom-de- 
signed motors within reasonable time. 
We believe these services will save 
you, as a purchaser of electric motors, 
valuable time and money. 

May we apply our facilities and engi- 
neering ability to your problem? 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 
Precision-built Industrial Motors Since 1915 
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RIGID GOVERNMENT 
TUBING REQUIREMENTS 


for Welded Stainless Steel Tubing 
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Deal with the Specialist among Specialists 


THE STANDARD TUBE CO. 


Detroitz, 9" 
M. 


s Tubing Size and Thickness 


Michigan 


NS 
Fabricated Parts 


continued 


sub-cooling, and delayed heat-up 
through use of partial load emergency 
equipment. The heat pump is treated 
both from the standpoint of thermo- 
dynamic cycle analysis and from the 
standpoint of transient heat flow prob- 
lems associated with energy sources 
and energy sinks. A chapter has been 
added covering the influence of radia- 
tion effects in determination of equilib- 
rium cold storage temperature, and a 
detailed design procedure is included 
for comfort asl cooling systems. The 
book is divided into three parts; viz., 
Thermodynamics of Reversed Cycles, 
Load Determination and Refrigerating 
Equipment. 


Mechanical Engineering 
Laboratory 


CHARLES W. MESSERSMITH, Professor 
of Experimental Mechanical Engineer- 
ing, Purdue University and CeciL F. 

ARNER, Associate Professor of Me- 
chanical Engineering, Purdue Uni- 
versity. 8 x 11 in., 160 pages. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, N. Y., 
$3.50. 


This book has been developed from 
a set of notes prepared for the students 
in же ашыга at Purdue 
University. The objectives of a labora- 
tory course are set forth as follows: 
To give the student an opportunity to 
apply the theory presented in the class- 
room; to familiarize the student with 
the construction and technique of using 
or operating instruments and machines ; 
to teach the logical method of ap- 
proach to experimental work; to give 
experience in obtaining and recording 
data, making computations, analyzing 
and interpreting results; and to teach 
the student to write reports wherein 
he presents, summarizes, analyzes and 
interprets his findings in a manner 
consistent with engineering practice. 

The authors believe that engineer- 
ing students should be encouraged to 
keep and to use textbooks after they 
have completed courses requiring them. 
Material usually covered in thermo- 
dynamics and heat-power textbooks has 
been omitted where possible. Con- 
siderable effort has been made to re- 
duce to a minimum the number of 
equations in which students can plug 
in values and crank out answers. The 
use of the steady-flow general-energy 
equation has been emphasized for the 
reason that students dadà more fre- 
quently be required to start from this 
relationship and to adapt it to the prob- 
lem under consideration. 

Frequent reference has been made 
to the test codes and procedures formu- 
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New Books continued 
lated by the various engineering soci- 
eties. Students are reminded that such 
guides exist and urged to consult them 
as necessary. 

The professional part of the experi- 


ment is emphasized. The concept put | 


forward by the authors is: Students 
should not be told what data to take, 
what instruments to use and how long 
a test should be run, etc. Instead, by 
asking questions, the instructor should 
lead the student to determine these 
items. As far as possible, it should 
be the aim of each laboratory instructor 


to see that, before an experiment is | 


started, each student knows the reason 
for taking each item of data, that he 
understands the equipment and in- 


strumentation and that he knows what | 


to do with the data obtained. 
Chapter headings are: Pressure meas- 
urements, 
power measurement, 
physical properties of lubricants, anal. 
ysis of flue gas or products of com- 
bustion, fluid pumps, stationary steam- 


generating units, steam-driven prime | 


movers, heat transfer, internal-combus- 
tion engines and vapor compression 
refrigeration plant. 


Positive-Displacement Pumps 
And Fluid Motors 


WARREN E. WILSON, President, South 
Dakota School of Mines and Tech- 
nology. 250 pages, 6x9 in. Pub- 
lished by Pitman Publishing Corp., 2 
W. 45th St., New York, N. Y. $7.50. 


The theoretical concepts and prac- 
tical considerations associated with the 
design and performance of positive- 
displacement hydraulic pumps, hy- 
draulic motors, and hydraulic power- 
transmission systems presented in this 
volume are intended to fulfill the in- 
terests of two groups. One group in- 
cludes the practicing engineers who 
have need for a ready reference to a 
summary of available information. The 
other group includes young graduate 
engineers who are beginning their 
work in research and design depart- 
ments concerned with the development 
of hydraulic devices. 

In the early chapters definitions are 
set ар, a classification system is pre- 
sented, and an elementary theory of 
operation and test procedure are dis- 
cussed. The final chapters develop a 
more nearly rage oe theory of opera- 
tion, and apply the theory to a method 
of test data analysis, to a method of 
design, and to a discussion of the 
operation of hydraulic clutches and 
transmissions. 


temperature measurement, | 
flow measure- | 
ment, heating value of fuels, selected | 
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The author's development of the | 
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LOW COST PROTECTION 


ALL-WOOL CLEANABLE 
CARTRIDGE 
REMOVED FROM 
BOTTOM WITHOUT 
DISTURBING LINES 


Manufacturers of machines using lubricating or hydraulic oils can assure 
their customers of longer machire life and lower maintenance costs by 
specifying General AF-500 Filters. They can be installed with inlet at 
the top or bottom for better space and piping accommodations without 
altering flow rate or efficiency. Removes solids as fine as five microns and 
has a capacity of 15-20 gallons per minute depending upon viscosity. 


Write for complete specifications and prices. Let us show you why the 
big industrial users specify GENERAL. 


FINEST ALL-WOOL CARTRIDGE 


This all-wool felt cartridge is the finest money can buy. 
Removable from the bottom without disconnecting any 
lines. Cleanable in minutes in ony suitable solvent. 


MODEL AF-2000A FOR 
TANK APPLICATION 


For pumping from a central supply tank 
or for cleaning vats and tanks the model 
AF-2000A combines a pump and double 
filter. Capacity up to 45 gpm depending 
upon pressure and viscosity. Available 
with either explosion or drip-proof motors. 


GENERAL FILTERS, INC. 


12890 WESTWOOD . DETROIT 23, MICH. 
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4 - Here's the 
Light way 
to do it... | A 


This tough, Well-Cast 
magnesium portable tool 
part is typical of how 
light you can make your 
product. It weighs only 

a few ounces. 


Want to lose some weight? 


40 years’ experience 


ALUMINUM AND MAGNESIUM SAND, SEMI-PERMANENT AND PERMANENT 
MOLD CASTINGS. WELL-MADE WOOD AND METAL PATTERNS. 


THE WELLMAN BRONZE & ALUMINUM CO. 


2519 EAST 93rd STREET è CLEVELAND, OHIO 





New Books continued 


theory from basic principles of me- 
chanics follows the modern trend 
toward the increasing use of a more 
rigorous approach to the analysis of 
problems in engineering. His use of 
dimensionless numbers in the presen- 
tation of experimental data and the 
formulation of equations is also in 
accord with modern thinking. 


Steel Castings Handbook 


Prepared under the direction of the 
Steel Founders’ Society of America 
Handbook Committee, CHARLES W. 
BnicGs, Editor. 511 pages, 9 x 5V in. 
Published by Steel Founders’ Society 
of America, 920 Midland Bldg., Cleve- 
land 15, Obio. $4. 


This handbook is a valuable refer- 
ence work for designers of products 
utilizing steel — of any size or 
type. The sources of the material pre- 
sented in this handbook include much 
unpublished information made avail- 
able by technical experts throughout the 
steel castings industry. Pubiished in- 
formation in this field has also been 
thoroughly screened to select the most 
useful data. 

Subjects covered in this handbook 
include: Classification of steel castings; 
commercial applications and industrial 
uses; steel castings design; the manu- 
facture of steel castings; heat treat- 
ment; variables affecting the mechani- 
cal properties of steel castings; me- 
chanical properties of carbon cast 
steels; the properties of low alloy cast 
steels; heat and corrosion resistant cast 
alloys; austenitic manganese cast steel ; 
engineering properties of cast steel; 
and steel casting specifications. 


Basic Mathematical Analysis 


H. GLENN AYRE, professor of mathe- 
matics, Western Illinois State College. 
584 pages, 6 x 9 in. Published by The 
McGraw-Hill Book Co., Inc., 330 W. 
42nd St., New York 18, N. Y. $5.00. 


This text covers the essential prin- 
ciples of algebra, trigonometry, an- 
alytical geometry, and some of the 
simpler or elementary concepts of 
calculus. 

Introductory chapters of the book 
deal with the number system and the 
science of computation, with special 
emphasis on their meanings. Later 
chapters are concerned with functional 
relationships, and the identification of 
the different b m of mathematics by 
their associated types of functions. 

The integration of space functions 
with functions involving two dimen- 
sions is fully covered. To facilitate 
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YOU CAN MAKE IT 


BETTER 


Taylor Laminated Plastics 


Y Your Problem 


is to design your product or part with a material that offers 
a combination of electrical, mechanical and chemical prop- 
erties such as high tensile, flexural and impact strength... 
resistance to corrosion, moisture and abrasion . . . attrac- 
tive appearance... high insulating qualities ... high 
speed machineability . . . light weight with great strength 
and many other desirable characteristics— 


A Good Solution 


to your problem is Taylor Laminated Plastics. As insulat- 
ing parts and structural members, Taylor Vulcanized 
Fibre, Phenol Fibre and Combination Materials, available 
in a variety of grades, offer you a better, cheaper . . . faster 
means of developing a better product. If you do your own 
fabricating, Taylor can supply you with sheets, tubes, rods 
and rolls. If you seek a source of supply for finished parts, 
Taylor’s completely equipped Fabricating Department is 
at your service. 


More Infarmation 


on Taylor Laminated Plastics and their application is 
available. If you have a design problem as indicated above, 
write today for the new 1951 Taylor Laminated Plastics 
Catalog. If possible, state your problem. Your copy will 
be sent you promptly, and experienced Taylor Sales Engi- 
neers will be happy to consult with you without obligation. 


i 
i 
| 
| 


q The new 1951 Taylor Catalog contains complete 
2 specifications and description of Taylor Lami- 


nated Plastics. See for yourself how you can make 
your product or part better with these versatile 
Taylor materials. Write today for Catalog PE 1. 


TAYLOR FIBRE CO. 


al Т NORRISTOWN, PENNSYLVANIA 


WEST COAST FACTORY: LA VERNE, CALIP, 
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MIDLAND 
WELDING 


A BIG HELP VOY 


DOES 


in the Assembly 59 
<°} U.S. PATE 


of Metal Parts y i No. 2054187 


Midland Welding Nuts are 

used by many major manu- 
facturers for speed and economy in assembling. 
They are particularly efficient in those hard- 
to-reach places and “blind spots” as indicated 
by the drawing above. Midland Welding Nuts 
will solve similar production problems for you. 
Write or phone us for complete information. 


THE MIDLAND STEEL PRODUCTS CO. 
6660 Mt. Elliott Avenue + Detroit 11, Mich. 
Export Department: 38 Pearl St., New York, N. Y. 


World's Largest Manufacturer of 
AUTOMOBILE and TRUCK FRAMES 


Air and 
X Air end Vacoum Electro-Pneumatic 
POWER BRAKES DOOR CONTROLS Wi 


continued 


the study of linear and quadratic equa- 
tions, the concept of the rate of change 
of a function is presented early in 
the text. 

Other subjects that receive special 
attention include the slide rule, hy- 
perbolic functions and their applica- 
tion, approximate calculation, and 
practical applications. 

A major aim of the author is to de- 
velop in the reader the ability to an- 
alyze problem situations and to ex- 
press the results in mathematical 
symbolism. 


Design of Electrical Apparatus 


JOHN H. KUHLMANN, assisted by 
N. F. TSANG, Third Edition. 512 
pages, 6x9 in. Published by John 
Wiley & Sons, Inc., 440 Fouth Ave., 
New York 16, N.Y. $6.50. 


This book presents practical methods 
for designing the important types of 
electrical apparatus — d-c generators 
and motors, a-c generators and syn- 
chronous motors, induction motors and 
transformers. The author gives a sound 
theoretical background as well as a 
practical treatment of each of the ma- 
chines considered. Each type of ap- 
paratus is taken up as follows: (1) ex- 
planation of the construction, (2) 
presentation of formulas and pro- 
cedure, (3) review of design limits 
established by practice, and (4) illus- 
tration with specimen calculations. The 
book is complete in itself—no other 
reference data are req": ed. 

In this third edition, the design con- 
stants and design limits have been re- 
vised in line with the latest practices. 
The characteristic curves of cold re- 
duced electrical sheet steels, used in 
rolled core transformer construction, 
have been added. The copper tables 
have been enlarged to include the new 
wire insulating materials. 

In the direct-current design section 
the sample design calculations have 
been revised in accordance with the re- 
vised output constants. New values 
of insulation thickness and clearance 
for the armature slots have been 
adopted. A discussion of multiplex 
windings, used on  large-capacity 
machines, has been added. 

The method of calculating the field 
current for a specified load and power 
factor for synchronous machines has 
been changed to agree with the pro- 
cedure adopted by the American Stand- 
ards Association. The equivalent cir- 
cuit of a synchronous motor with 
single- and double-squirrel-cage start- 
ing winding is included, and a method 
of predetermining starting torque, 
pull-in torque, and starting kva. is 
given with sample calculations for 
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What’s U.S. Rubber doing 


with Plastic Pipe? 


Giving it extremely high impact strength, for 
one thing. A single .44 cal. revolver bullet, 
fired at a distance of 20 yards, merely dented 
this piece of pipe, which is made of U.S. 
Rubber's new plastic, Uscolite. This amazingly 
strong, lightweight, versatile piping is easy to 
handle, won't break if dropped. Furnished in 
standard lengths, it can be cut to length and 
threaded on the job. Uscolite is resistant to 
most chemicals. For more information, write 
to address below. In Canada, write to the 


Dominion Rubber Company. 
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U.S. ROYAL MEAT 
CUTTING TABLE TOP 
made of Uscolite 
stands up longer than 
wood. U.S. Royal tops 
retain their shape, are 
easier to clean. THIS CONKEY FILTER, part of the sanita- 
tion system of a midwestern city, is 
PRODUCT OF equipped with Uscolite piping. Uscolite 
handles corrosive acids, alkalies, salts. 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
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New Books Continued 


single- and  double-cage starting 
winding. 

The section on induction-motor de- 
sign has been largely rewritten. New 
methods for determining motor di- 
mensions are given, and design con- 
stant curves are plotted on semi- 
logarithmic paper. A method of de- 
termining the effect of saturation in 
the leakage flux paths and of calculat- 
ing the deep bar effect of squirrel-cage 
rotors has been added. With these 
additions it is possible to predetermine 
the starting torque and current with 
satisfactory accuracy. The circle dia- 
gram has been omitted, and all per- 
formance values are calculated from 
the equivalent circuit. A method for 
the design of small transformers used 
in control circuits and for power sup- 
ply in electronic devices has been in- 
cluded with a sample design. 





Human Engineering 
Data for Design Engineers 


Prepared by the Handbook Staff, 


Tufts College, in cooperation with 
UNITCAST ENGINEERING Technical publications Division, Jack- 
son & Moreland, Engineers. 370 pages, 


9 x 114 in. Published by Office of 
SAVES ON PRODUCTION COSTS ee Technical Services of the U.S. Dept. 


i of Commerce, Washington 25, D.C. 
IMPROVES QUALITY! of 


н : The handbook, three years in prep- 
The illustrated steel casting was formerly made е send ras gp, ج‎ 


aration, is the first systematic treatise 
from nine hand made cores, resulting not only on the science of designing mechanical 


in slow production but loss of accuracy. So Unit- us n the — of — 
cast Engineering went to work. By replacing the A Nn 


е : : written by the Tufts College Institute 
nine hand made cores with one unit blown core, for Applied Experimental Psychology 


increased production was balanced, quality im- under a research contract with Navy's 
proved, and all core holes on every casting Special Devices Center. 


е : T Intended primarily as a reservoir of 
were in perfect alignment. Here's just one of factual information for the design 


the many ways Unitcast facilities provide better engineer, the handbook will never- 

customer service, improve the product and keep theless be of interest to production 

à zia experts in all fields. It is essentially 

production costs competitive. a compilation of known data in each 

of the fields of human engineering, 

including summaries of principal ex- 

periments, and basic bibliographies. 

It is the intention of the authors to 

issue supplementary data when avail- 

U N ITCA & т, able, thus keeping the compilation 
EN up-to-date. 

: Eight broad sections deal with: The 

F human machine and human engineer- 

QUALITY STEEL CASTINGS ing; the human body (anthropromet- 

rics) ; characteristics of vision; factors 

influencing the efficiency of hearing, 

Give us a chance to offer a «cast skin sensitivity and  proprioception 

NE 5 (space orientation) ; motor responses; 


nds. Write or call to- "es г ее Ы 
will М aL ЫН physiological factors (sleep, temper 


Toledo 9, Qhio. bo Const © Canadian-Unitcast ature, drugs, etc); and intelligence. 
Seel. Led. Sherbrooke. Quebec A glossary of some five hundred 
terms is included, as well as an author 


UNITCASTINGS ARE FOUNDRY ENGINEERED | index and a subject index. 
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L pays fo use your 
custom molders know-how 


When “high-cost’”’ products need popular price tags dii d 


Lower cost, 
broader market 
results from use 
of plastics for 
humidifier 
components. 


in a Series on 
Plastics Skill 


at Work... MOLDED OF DUREZ PHENOLIC, the motor 


hood and mount are unaffected by water vapor that 
surrounds them or heat generated by the motor they 
enclose. They are formed to exact shape in molding 
press, need no finishing other than simple flashing. 


"Wes 


PROJECT: All-purpose automatic humidifier to sell 
at moderate price 


CUSTOMER: Dafn Manufacturing Company 


Lancaster, Pa 
MOLDER: American Insulator Corporation 
MATERIAL: All plastics except motor. Center pan, 


motor mount and hood, Durez phenolics. 


oca RR, pal RT o ede at ЧИ 
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CENTER PAN SUPPORTS MOTOR and housing 
on screw inserts fixed in position as part of the 
molding operation. By using Durez, the molder 
fulfilled his customer's specifications at a fraction 
of the cost that other materials would have entailed. 


This humidifier shows how “high-cost” 
ideas are made financially practical for 
wider use...and wider sale...with the 


rates over 3 pounds of cic! oe hour and mechanical specifications, Durez 
at a current cost of 3 cents a day. made it possible to price the unit for 


aid of men who mold Durez plastics. 

The Model 500 is a small counter- 
part of Daffin industrial humidifiers. 
To make humidification economical 
for hatchery and farm use, in egg stor- 
age rooms, cold storage rooms, chem- 
ical plants, textile mills, hospitals, and 
in the home, this company developed 
a small motorized unit which evapo- 


Our monthly "'Durez Plastics News” will 
keep you informed on industry's uses of 
Durez. Ask us to send a copy regularly. 
Durez Plastics & Chemicals, Inc., 2002 
Walck Road, North Tonawanda, N. Y. 


With engineering details completed, 
the problem was put up to the custom 
molder. The molder recommended a 
Durez phenolic especially developed to 
withstand the heat and moisture en- 
countered in humidifiers. It has excel- 
lent molding qualities and dimensional 
stability, and is formed into compli- 
cated parts at a fraction of the cost of 
the usual metals. Meeting all electrical 


ready sale in markets previously closed 
on the score of high cost. 

Your molder is always a good man 
to consult when better appearance, 
faster production, or lower cost are 
your ийбе, He takes full advan- 
tage of the able counsel of Durez tech- 
nicians, who specialize in the most 
versatile group of plastics, the phenol- 
ics. Call on him...and them... freely. 


MOLDING COMPOUNDS 


INDUSTRIAL RESINS 


PHENOLIC PLASTICS THAT FIT THE JOB 
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Every DESIGN EANGINERR will 


want a copy of this 
. NEW BULLETIN! 


— msi 
——— 


HANNI iN CORPORAIIo 


.. find out what 5,000 4. o.c. 


Hannifin "HY-POWER" Hydraulic Power Units 


MANNIFIN supplies everything you need to 
make “HY-POWER HYDRAULICS” work effi- 
ciently and dependably for you. 


HYDRAULIC PRESSURE GENERATORS —The 
heart of the "Hy-Power" System! Up to 5,000 
p.s.i. pressure ot your finger-tip under exclu- 
sive automatic control. Capable of delivering 
hundreds of tons of useful force. (Illustrated 
above) 


"HY-POWER" HYDRAULIC CYLINDERS — 
Built to work ot various pressures up to 5,000 
p.s.i. Heat treated alloy steel bodies with pre- 
cision ground bore. Alloy steel rod, case hard- 
ened and ground. 9 standard sizes, 2” to 
7%" bore. 


COMPLETE MACHINES — "Hy-Power" work 
units are easy to apply and use in machines 
of your own design or construction. Hannifin 
also offers a complete line of standard ond 
specially designed units to meet users partic- 
ular requirements 


can do for YOU 


“HY-POWER HYDRAULICS” now makes it practical for tool makers, 
machine builders, and design engineers to employ hydraulic pressures 
up to 5,000 p.s.i. under finger tip control to solve innumerable manu- 
facturing problems more efficiently and economically than ever before 
possible. 

“HY-POWER HYDRAULICS” with its fast, automatic operating 
cycle offers manufacturing plants, large and small alike, almost unbe- 
lievable opportunities to reduce unit costs, save time, and improve the 
quality of work produced on a wide variety of riveting, punching, press- 
ing, shearing, multiple punching, and multiple riveting operations. 

For the complete story of “HY-POWER HYDRAULICS”, see your 
local Hannifin representative or send for a copy of new Bulletin No. 150. 
“HY-POWER HYDRAULICS” is a remarkable engineering develop- 
ment pioneered by Hannifin. Find out what it can do for YOU! 


ASK FOR NEW BULLETIN No. 150 


HANNIFIN CORPORATION 
1125 So. Kilbourn Ave., Chicago 24, Illinois 


AIR CYLINDERS * HYDRAULIC CYLINDERS + HYDRAULIC PRESSES 
PNEUMATIC PRESSES * HYDRAULIC RIVETERS * AIR CONTROL VALVES 
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Cooper-Bessemer Corp. Calls Kodagraph Autopositive Paper 
Low-Cost Insurance 
against costly shop errors 


€ Cooper-Bessemer, leading manufacturer of en- 
gines and compressors located in Mt. Vernon, Ohio, 
must supply its branch factory with intermediates 
(print-making masters) of home-office drawings. 

But they realize that poor intermediates — like 
poor tracings — often produce illegible shop prints 

. Which, in turn, can lead to costly errors on the 
production line. 

It doesn't pay to take chances when thousands of 
dollars are at stake. Therefore, Cooper-Bessemer 
makes intermediates on Kodagraph Autopositive 
Paper, which reproduces original detail as dense 
photographic black lines on a clean, evenly trans- 
lucent paper base. 


These intermediates assure highly legible shop 
prints at Cooper-Bessemer's branch plant in Grove 
City, Pa. Even after hun- 
СЕБЕ Photo-lasting in the files. The original draw- 
produce sharp, clean ings are 200 miles away, but Cooper-Bessemer's 
prints which are easy Grove City plant has full confidence 
tossed. And theses en- in its 100% “Autopositive File" 
other advantage—print —no worries about intermediates 
production is simplified, fading, becoming brittle, 
for Autopositives can be or otherwise deteriorating. 
run at uniform, practical Another important “extra. 
machine speeds—without frequent adjustments, 


Extending Use of Autopositive. The assembly wear and tear of print-making by reproducing 
lines at Cooper-Bessemer’s home plant are also them on low-cost “Autopositive.” The same pro- 
seeing shop prints produced from Autopositives— ^ duction routine currently employed will be fol- 
will soon see many more. Plans are under way to lowed: exposure in a direct-process machine; 
protect some 50,000 valuable originals against the development in standard photographic solutions. 


Kodagraph Aufopositive Paper 


“THE BIG NEW PLUS” in engineering drawing reproduction 


” @ It enables you, or your blue- 
printer, to produce positive 
photographic intermediates 
directly at a new low cost. 
No negative step—ever! 

@ It enables you to protect valu- 
able originals from wear and 


| EASTMAN KODAK COMPANY 
і 
I 
і 
| 
і 
I 
fear. 1 
| 
| 
l 
l 
l 
| 
l 
1 


Industrial Photographic Division, Rochester 4, N. Y. 


Gentlemen: Please send-me a copy of your illustrated booklet 
giving all the facts on Kodagraph Autopositive Paper. 


Ta n 


(please print) 


Company 

© It gives you photo-lasting file 
copies. 

@ It restores old, worn drawings 
e+. reproduces opaques, 


Street 


TRADE -MARK 





Md 


| 
| 
| 


BALL BEARINGS ° ROLLER BEARINGS ° THRUST 
BEARINGS AND BALL BEARING HOUSINGS 


Pr 
ELO 
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DEPENDABLE CONSTRUCTION ... Plus 


PROPER SELECTION MINIMIZE SHUTDOWNS 


Century Electric Company is 
celebrating its 50th year in the 


Polyphese 

TYPE SC—Open Drip proof General 
Purpose Motor. Meets the needs of 
most installations where operating con- 
ditions are relatively clean and dry. 


TYPE SC—Splash proof. Supplies 
protection where plants must be 
washed down. Keeps out all falling 
or splashing liquids—rain, snow, 
sleet, etc. 


TYPE S$C—Totally Enclosed Fan 
Cooled. Protects against dusts, mist, 
oil, fog. Inner frame protects vital 
ports of the motor, seals out harm- 
ful matter. 


TYPE SC—Explosion proof. Protects 
life and property in atmospheres 
charged with explosive dusts or gases. 


TYPE SR—Wound Rotor. Open Con- 
struction. Ideal for applications re- 
quiring low starting current with high 
starting torque, reversing or adjust- 
able speed. 


TYPE SR— Wound Rotor Splash 
proof. Same electrical characteristics 
as motor shown above. In addition, 
gives adequate protection against 
falling and splashing liquids. 
Single Phase 

TYPE RS—Repulsion Start Induction, 
Open Construction, Single Phase Brush 
Lifting Motor. Combines high starting 
torque with low starting current. 


|, easy to select the proper electric motor for 


your job from Century's complete line — from 1/6 to 

400 horsepower. A wide range of types and kinds are available 

to satisfy all popular requirements. They are carefully designed, 
electrical industry. built and tested to assure maximum performance throughout their long life. 


Here are examples of Century’s line of INTEGRAL HORSEPOWER motors. 


© 
D 
w 
Ge 
OG 
к 
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TYPE RS—Splash proof. Same ad- 
vantages as open construction, plus 
protection against splashing and 
falling liquids. 


TYPE CSH—Capacitor Start Induc- 
tion, Single Phase Motor. Suitable 
when high starting torque with nor- 


mal starting current is satisfactory. 


TYPE CSH—Splash proof. Same 
advantages as motor shown above, 
plus protection against falling and 
splashing liquids. 


Direct Current 
TYPE DN—Direct Current Motors. 
Suitable for use where direct current 


is available, or its use desirable. 


TYPE DN—Direct Current, Splash 
proof. 


TYPE SY—Synchronous. Suitable 
for continuous operation at a uniform 


load for power factor correction. 


І, addition to a complete line of integralhorsepowermo- 
tors, Century offers fractional horsepower motors, gear 
motors, generators, AC and DC motor generator sets. 


For a long life of satisfactory perform- 
(C) ance, specify Century motors for all your 
electric power requirements. 


CENTURY ELECTRIC COMPANY, 1806 Pine Street, St. Louis 3, Missouri * Offices and Stock Points in Principal Cities 
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If 
YOUR INDUSTRY 
is on this list— 


PAPER 
AERONAUTICAL 
MACHINE BUILDING 
BUSINESS MACHINES 
TELEVISION - RADIO 
HOUSEHOLD APPLIANCES 
SPORTING GOODS 
|JFETY FOOTWEAR 
RICULTURE 

MOTIVE 
TILES 
MEDICAI 


ATHER 


| 
| 
| 
| 
| 
| 


you can benefit from 


yer 


Skill, Imagination & Service 


Tyer technical knowledge and 
original thinking are available 
to you to make Rubber, our 
product, more useful to you in 
your product. The same know- 
how and resourcefulness that 
led Tyer to originate White 
Rubber and Elastic Webbing in 
the early days of the industry, 
have enabled Tyer, through 
war and peace, to supply 
American manufacturers with 


THE UNUSUAL IN RUBBER 
SINCE 1856 


ин! Hn WII Д n 
y RUBBER COMPANY 
ANDOVER 


MASSACHUSETTS 


159 Duane St, NEW YORK 189 W. Madison St., CHICAGO 
6-254 General Motors Bldg., DETROIT 


"Tourek's quality Ball Joints 
meet exacting requirements. 
Simplified design, improved 
performance, and lower 
costs result from specifying 
Tourek Ball Joints... the 
only recognized standard. 
Large stocks assure prompt 
delivery. 


Tourek's precision counter- 
sunk steel pipe plugs are 
accurate, high strength, and 
economical - resulting in the 
highest quality at costs which 
are competitive to old style 
plugs. 
Stock sizes, available with 
National Pipe or Dry-Seal 
threads are: 4", №", №", м" 
sad 1*. Also available on 
cial order in alloy steels, 
uminum or brass in sizes 
ор to 2%” diameter. 


Modern high speed single 
and 6 pinto automatics — 
together with compiete sec- 
ondary equipment, includ. 
ing grinding and brazing — 
plus 50 years’ experience, 
assure you “The Best in 
Quality Screw Machine 
Products.” 


Your requirements, up to 
2%", are mad: with utmost 
Precision, aod with prompt- 
est delivery assurances. 


LITERATURE 


Comprehensive dato on any oF 
et! Towrek products sent promptly 
wpon request write for yours: 
now. J. J. TOUREK MFG. CO 


4701 W. 16th St., Chicago 50, Ш. 


NEW: 


ADJUSTABLE 
THERMOSTAT 


The new Type CI Adjustable Indicating Thermostat is a precise 


Ty SCREW 
ue vest suni T: 
4 м, 


RO, 
, № We $ vers. 


ESTABLISHED IN 1920 


temperature control for gas, liquid, and metal-to-metal appli- 
cations, such as ovens, hot plate presses, water baths, incu- 
bators, proofing cabinets and cold cabinets. It is most useful on 
units where periodic checks of temperature are required, ad- 
visable, or will prove time-saving. The new Type CI is simply and 
ruggedly built, employing the highly sensitive response action of a 
solidly liquid-filled bulb and bellows assembly to a snap-acting 
switch and indicating pointer. The thermostat is adjustable over 
its entire range by a knurled thumbscrew on the front of the case. 


SPECIFICATIONS: 


Case 5/4 x 5, x 134"; Wt. 3Ibs. Standard 
ranges 50° —350°F and 50° —600°F, special 
ranges may be had between —120°F and 
+600°F. Standord differentials VA?F in 
circulating liquid, 2°F in air. Switch ratings 
10 amp 125 V AC and 5 amp 250 V AC. 
Write for new bulletin No. 4816T which 
gives full details, 


mnm mmm mmm 
STANDARD & SPECIAL THERMOSTATS 


unten MM 
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UNITED 
ELECTRIC 
CONTROLS 
СОМРАМҮ 


B! School Street 
Watertown, Mass 





AE Products include: 
Power, Taylor and Perfect Spread Stokers, Marine 
Deck Auxiliaries, Lo-Hed Hoists, Lo-Hed Car Pullers 


Propuct 


For better results at lower cost... 


HYDRAMITE 


the rugged new fluid power pump 


YOU'LL END your fluid power problems with Hypra- 
MITE, the hydraulic pump with high pressure capacity 
built in. This radically new radial multi-piston, constant 
displacem -nt, oil-operated pressure generator main- 
tains pressures up to 5000 p.s.i. 

HypraMiTe gives you the choice of foot, flange or 
face mounting. It is direct-driven through a flexible 
coupling . . . rotates in either direction. With positive 
suction and discharge, it operates either above or below 
the oil reservoir. No supercharging required. And 
Hypramite is exceptionally quiet in operation . . . has 
an overall efficiency of 85%. 

Designed and built by American Engineering Com- 
pany, makers of the famous Hele-Shaw Pump, many 
Hypramirtes are today setting new standards of effi- 


Eus P Ea En dd L 


CO M PA N Y 
PHILADELPHIA 25, PENNA. 


Hydramite and Hele-Shaw Fluid 


ENGINEERING FEBRUARY, 


ciency on various types of high pressure hydraulically- 
operated equipment. 
HvpnAMITE is made in 3, 5, and 10 g.p.m. capacities 
. operates with light oils. It may well pay you to get 
full information . . . Mail coupon today. 


HELE-SHAW PUMP 


The famous AE variable displace- 
ment fluid power generator With 
pressures up to 3000 p.s.i. 


VISIT BOOTHS 
304 and 
30501 <> 


MATERIALS 
HANDLING 
EXPOSITION 
— 


American Engineering Company 
2501 Aramingo Ave., Philadelphia, Pa. 


Gentlemen: [ Kindly send complete information 


about the new HvpnAMrrE. [] Hele-Shaw. 


Name... — ي‎ КГЬнНа 


Address ب‎ in ы 
eS 


Company— 


o — 


a 
3 
i 
] 
3 
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FLEXIBLE 
HOSE LINES 


WITH DETACHABLE, 
REUSABLE FITTINGS 


Always first 
ON INDUSTRIAL MACHINERY 


Save time, save money and reduce inventory by 
putting the “Aeroquip Idea" to work for you. 
With Aeroquip you make your own flexible hose 
assemblies by cutting bulk hose to desired lengths 
and attaching Aeroquip Reusable Fittings, As- 
sembly can be accomplished quickly and easily 
right on the job. No special tools are required. 
No training is needed. Aeroquip high quality 
Flexible Hose Lines improve performance and 
reduce maintenance. They eliminate leaks due to 
vibration and operate dependobly at extremely 
high or low temperatures. They are widely used 
for hydraulic fluid, water, air, lubricating 
oils, gas and Diesel fuels and many other fluids. 


“go IA 
Luh ” = 
or £ м 


AEROQUIP 


JACKSON, MICHIGAN 


SALES OFFICES 1051 NO. HOLLYWOOD WAY, BURBANK, CALIF. 1215 SO, EAST GRAND AVE., PORTLAND 14, ORE. 

AND WAREHOUSES: 2912 N. E. 28TH ST., FORT WORTH 11, TEXAS P. O. BOX 1586, HIGH POINT, NORTH CAROLINA 

4301 N. W, 36TH ST., MIAMI SPRINGS, FLORIDA 72-74 STAFFORD STREET, TORONTO, CANADA 

SALES OFFICES: 303 WAREHAM BLOG., HAGERSTOWN, MD. EDINA BRANCH—BOX.NO, 44, MINNEAPOUS 10, MINN, 
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U. S, A. AND ABROAD 
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— ee GER GE CUR; 


The United States Instrument Corpora- 
tion has licked a tricky sealing problem 
encountered in providing Moisture and 
Vapor-Proof construction for its Sound 
Powered Telephone Stations. 

The simplified design of the cast alum- 
inum housing produced a cover opening 
which might seem to require a special 
seal. But the versatility of LINEAR “O” 
Rings made the job an easy one... for 
they are readily adapted to a great va- 
riety of irregular or out-of-round shapes. 
In this particular case, LINEAR “‘O” Rings 


EWWI! 


Naturally round Linear " 


"АКТ 


readily adapts itself to odd shapes 


-—- 
-- ~ 


c 


.^ ی 
„LINEAR“,‏ 
\ 
PRECISION’‏ / 


MOULDED |. 


afford a highly satisfactory and econom- 
ical means of assuring the proper seal 
... without requiring more than hand 
tightening of the four cover bolts and, 
the housings are tested for leakage by 
being submerged under three feet of 
water. 

LINEAR “O” Rings are compounded of 
natural or synthetic rubber, fluorethy- 
lene polymers, and silastics . . . are avail- 
able in a complete range of J.I.C. and 
A.N. standard sizes, as well as hundreds 
of non-standard sizes for special uses. 


REERE OD ж X m 2 


LINEA 


1 
i 
I 
I 

/ 


NGS” 


LINÉAR, Inc., STATE ROAD & LEVICK STREET, PHILADELPHIA 35, PA. 
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Perkins’ Customers 
provide the BEST 


ADVERTISING for 


PERKINS Js GEARS 


Geneva Intermittent Action Gear for bottling 
machine CUSTOM-MADE by Perkins 


Perkins Gears are most widely used by manv- 
facturers who are known everywhere for the 
high quality of their own products. And many 
of them first came to us with their gear supply 
problems through the recommendations of 
one or more of our long-term and eminently 
satisfied customers. 

Perkins Gears are built to serve economic- 
ally and dependably on the job for which you 
buy them — and to do credit to your product 
and your reputation. 

Send samples or prints and specifications 
for immediate quotations. Send for your free 
copy of our bulletin "Perkins Gears" for data 
on our gear engineering facilities. 


PERKINS MAKES TO CUSTOMERS' SPECIFICATIONS: 
Helical Gears * Bevel Gears * Ratchets + Worm 
Gears * Spiral Gears * Spur Gears with shaved 
or ground teeth * Ground Thread Worms 

IN ALL MATERIALS, METALLIC & NON-METALLIC 


PERKINS MACHINE & GEAR co. 


WEST SPRINGFIELD, Massachusetts 


UNDERCOVER 
AGENT! 


Both steel boxes were top-coated 
with the same high-grade enamel; 
both had been cleaned thoroughly 
before finishing . . . but one had 
been primed with STANTITE. 
Then both were subjected to a salt 
spray under laboratory test condi- 
tions: after 93 hours the first box 
showed 75% rust failure — but the 
STANTITE-primed box showed 
no film failure after 500 hours! 


Besides preventing corrosion and 
rust creep STANTITE Spraying 
Primer and STANTITE Clear 
Primer (for dipping) provide ex- 
cellent adhesion to all types of 
surfaces . . . may be used with most 
types of top coats. Created for ap- 
plication under air-dried or baked 
finishes, STANTITE dries rapidly, 
is unimpaired by any baking 
schedules. 


Find out now what STANTITE 
can do for your product .. . for 
complete information write today 
to the Stanley Chemical Company, 
East Berlin, Conn. 


STANLEY 
CHEMICAL 


LACQUERS JAPANS  SYNTHETICS ENAMELS 
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Name to paste in your hat! 


Wiru ALUMINUM in critical demand, 
your Kaiser Aluminum Distributor is even 
more important to know and to keep in 
touch with. 


As one of the nation’s leading materials 
suppliers... backed by the fully integrated 
resources of Kaiser Aluminum ... he can 
often advise you of future availabilities. 


And he can continue to render special- 
ized mechanical and advisory services. 


Kais 


NOTE: To help meet critical military 
needs, Kaiser Aluminum has begun a vast 
expansion program which will greatly in- 
crease production of primary aiuminum. 

When conditions permit, this aluminum 


will be shared by manufacturers of civilian 
goods. 


Meanwhile, keep in touch with your 
Kaiser Aluminum Distributor. He’s eager 
to help you all he can. 


luminum 


Setting the pace... through quality and service 


SOLD BY KAISER ALUMINUM & CHEMICAL SALES, INC., KAISER BUILDING, OAKLAND 12, CALIFORNIA 
OFFICES IN: Atlanta * Boston * Chicago * Cincinnati * Cleveland * Dallas * Denver * Detroit 
Houston * Indianapolis * Kansas City * Los Angeles * Milwaukee * Minneapolis * New York 
Oakland * Philadelphia * Portland, Ore. * Rochester, N. Y. * Seattle * Spokane * St. Louis 


Wichita * EXPORT OFFICE, OAKLAND, CALIF. 
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WAREHOUSE DISTRIBUTORS IN PRINCIPAL CITIES 


ATLANTA, Georgia 
Morrison-Drabner Steel Co., Inc. 
82-84 Milton Ave., Alpine 4885 

BALTIMORE, Maryland 
Hill-Chase Steel Company of Maryland 
6311Erdman Ave., Peabody 7300 
Asheboro, N.C.: Phone 8849 
Richmond, Va.: Phone 7-4573 

BEAUMONT, Texas 
Standard Brass & Mfg. Co. 

705 Milam St., Phone 4-2641 

CHICAGO, Metropolitan Area 
Korhumel, Heffron & Preiss Steel Co. 
2424 Oakton St., Evanston, III 
Ambassador 2-6700 

CINCINNATI, Ohio 
Morrison-Drabner Stee! Co., Inc 
1074-1084 Summer St., Wabash 4480, 4481 

CLEVELAND, Ohio 
Nottingham Steel Company 
W. 45th St. & Division Ave., Atlantic 5100 

DALLAS, Texas 
Delta Metals, Division of 

Delta Distributors, Inc 
3201 Oak Lane, Hunter 7446 

DAVENPORT, lowa 
Nichols Wire & Aluminum Co 
1725 Rockingham Rd., Phone 3-1895 

DETROIT, Michigan 
Cavhorn Distributing Company 
9999 Broadstreet, Hogarth 3858 
Copper & Brass Sales, Inc 
3С 9 E. Woodbridge, Lorain 7-3380 

HONOLULU, T. H. 

Permanente Cement Co 


Pier 32, P O. Box 79, Phone 5-2541 


HOUSTON, Texas 
Standard Brass & Mfg. Co 
2020 Franklin Ave., Preston 1123 


INDIANAPOLIS, Indiana 

F H. Langsenkamp Company 

229 E. South St., Riley 9311 
KANSAS CITY, Missouri 

Industrial Metals, Inc 

410 Southwest Blvd., Victor 1041 
LOS ANGELES, California 

Eureka Metal Supply Compony 

551 E. Macy St., Mutual 7286 

Earle M. Jorgensen Compony 

10650 S. Alameda, Lucas 0281 

Reliance Steel Compony 

2068 E. 37th St., Adams 6133 
MILWAUKEE, Wisconsin 

KHP Milwaukee Stee! Company 

4600 W. Mitchell St., Evergreen 4-6000 
MINNEAPOLIS, Minnesota 

Korhumel, Heffron & Preiss Steel Co. 

3225 Como S.E., Gladstone 5943 
NEW ORLEANS, Lovisiana 

Orleans Stee! Products Co., Inc 

1019-1025 Bienville St., Raymond 2116 

Standard Brass & Mfg. Co 

2309 Tulane Ave., Aud. 1353 
NEW YORK, Metropolitan Area 

A. R. Purdy Co., Inc 

Page Ave. & Orient Way, Lyndhurst, N. J. 

Lyndhurst: Rutherford 2-8100 

New York: Chelsea 3-4455 

Newark: Humboldt 2-5566 
OAKLAND, California 

Gilmore Stee! & Supply Company 

1960 Cypress, Glencourt 1-1680 
OMAHA, Nebraska 

Gate City Stee! Works 

11th & Seward Sts., Atlantic 1830 


ORLANDO, Florida 
Profile Supply Company 
P. O. Box 2049, 1601 Atlantic Ave. 
Phone 7124 
PHILADELPHIA, Pennsylvania 
Hill-Chase & Company, Inc 
Trenton Ave. & Ontario, Delaware 6-5400 
Allentown: Allentown 28077 
York: York 5790 
PHOENIX, Arizona 
Arizono Hardware Co., Inc 
First & Jackson Sts., Phone 8-5331 
PORT ARTHUR, Texas 
Standard Brass & Mfg. Co 
KCS & Fourth St., Phone 5-9377 


PORTLAND, Oregon 
Eagle Metals Company 
2336 N. Randolph, Tuxedo 5201 
SAN FRANCISCO, California 
Gilmore Stee! & Supply Compan 
840 Brannan St., Klondike 2-051 


SEATTLE, Washington 

Eagle Metals Company 

4755 First Ave. S., Landor 9974 
SHREVEPORT, Louisiana 

Standard Brass & Mfg. Co 

1557 Texas Ave., Phone 2-9483 
SPOKANE, Washington 

Eagle Metals Company 

E 320 Trent Ave., Madison 2419 
WICHITA, Kansas 

General Metals Mfg. Co., Inc 

218-220 S. Wichita, Phone 7-1208, 7-1209 
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The вау AIR ¢ 
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Independent Speed Controls 
(Retract and 


Sealed Solenoid Control Unit Advanced Strokes) 


(retract stroke) 


Sour-Way Directional Valve 


Wiring Termina!s with Manual 
Coatrol Valve. 


Single 
Air 
Connection 


The Bellows Air Motor combines in one compact, 

complete power unit: double-acting air cylinder,‏ تا ت 

Control Unit (advance stroke) four-way electrically-controlled directional valve, 

and speed regulating valves. There are no extra 

WIRING DIAGRAM valves to buy. The built-in Electroaire Valve* is‏ ا 

11 ш т fast, safe, long lived — guaranteed against solenoid 
———— | 1 ] burnout. 


Integral Construction Means Instant Action 
The piston responds to a touch on the start switch 


EN ca (no matter how remotely located) as quickly as 
Pes gata an electric motor. 


SWITCH | 
[avanci souno} / \ газана POST integral Construction Means 
Г Accurate Speed Control 


Piston rod speed in either or both directions can be 
precisely regulated, with no power loss. 





| ELECTROAIRE VALVE ] 
jt ] 


All Electroaire Valve equipped Air Motors 
are shipped complete with the Bellows 


special transformer to step down line voltage integral Construction 
to eight volts. Means Compactness 
Streamlined, space-saving, weight-sav- 


*TM Registered. ing design fits well into crowded quar- 
Fun be. STANDARD SIZES ters or on moving machine elements, 


Bellows Air Motors are Integral Construction Means 

made in five bore sizes: - Simplified Installation 

VM Wh", Ba", 30", Hh", Installation is quicker . . . easier. No 

and in any stroke length. rigid piping. No multiple air connec- 
« tions. The ose air connection required 
; сап be made with flexible air hose. 

All Bellows Air Motors are 


available with either the When you design for pneumatic opera- 
built-in electrically con tion, you will save time, money, and 
trolled Electroaire Valve or space with the Bellows Air Motor—the 


manually controlled valve, only air cylinder with all controls built 
and in a wide range of in. 
mounting styles. 


WRITE FOR NEW BULLETIN CL-30. 11 

Specifications, wiring diagrams, The Be OWS Co. 
design and construction detail. Address: AKRON 9, OHIO 
The Bellows Co., Dept. PE 251, Akron 9, O. 
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SPRING STEEL COMBINATION 
FTER COIL... 


Check with Sandvik 


Do your "specs" demand an exact combination 
of physical properties on a continuous produc- 
tion basis? 

Hitting specific spring steel requirements 
"right-on-the-button" coil after coil, lot to lot 
is a Sandvik specialty. 


Sandvik cold-rolled strip steels are supplied: 
€ Precision rolled in thicknesses from .001" 
€ In straight carbon and alloy grades 
@ In special analyses for specific applications 
@ Annealed, unannealed or hardened and tempered 
@ In a wide range of widths 
@ Unpolished or polished bright, yellow or blue 
@ With square, rolled or treated edges 


Phone, write or wire your nearest Sandvik 
office for further information or technical help. 


FREE! 


SANDVIK CATALOG DESCRIBES 
785 SPRING STEEL SIZES 


Write, on your letterhead, 
for your copy, today. 


SOME SANDVIK SPECIALTY STRIP STEELS 


Steel for Textile Machine Parts ° Band Saw 
Steels; Metal Band, Wood Band and Butcher 
Band Camera Shutter Steel Clock and Watch 
Spring Steels Compressor Valve Steel Doc 
tor Blade Steel ®Feeler Gauge Steel *Knife 
Steels Razor Blade Steel Reed Steels Shock 
Absorber Steel Sinker Steel *Spring Steels 
“ Trowel Steel Vibrator Reed Steel, etc 


SANDVIK STEEL, INC, 
111 SIGHTH AVE., N. Y. 11, WAtkins 9-7180 


230 N. Michigan Ave., Chicago 1, IIl., FRanklin 2-5638 
1736 Columbus Rd., Cleveland 13, Ohio, CHerry 1-2303 
SANDVIK CANADIAN LTD., 426 McGill St., Mont., Can. 
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WANT 


for more of 


industry’s finest products 
than ever before 


Most products assembled with Socket 
Screws are engineered to meet demands 
for efficiency and endurance well above 
common standards. 

To make sure of fastenings equal in 
quality to other components, more manu- 
facturers are specifying Parker-Kalon 
Socket Screws than ever before. The 
reasons are clear. 

Just look at a P-K* Ground Thread 
Socket Set Screw, for example. You can 
see and feel the difference. By any stand- 
ard of comparison, no finer screws are 
made. And the P-K Quality-Control 
makes sure that every screw in every box 
meets specifications. 

P-K production is going all-out to 
meet this mounting demand. For D.O. 
or other assemblies, set your standards 
by P-K quality. Parker-Kalon Corpora- 
tion, 200 Varick St., New York 14, N. Y. 


260 


FOR ANY TYPE OF SOCKET SCREW 
REMEMBER — IF IT'S P-K... IT’S O.K.* 


Flot Head Socket Cap Screws © Size-morked Socket Head Cop Screws 
Stripper Bolts * Ground Thread Socket Set Screws * Pipe Plugs * Hex Keys 


Available Through Accredited Distributors. 


*Trade Marks Reg. U. S. Pot. Off, 


PARKER-KALON" 
elt foyd 
SOCKET SCREWS 
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P Customer Reports: 


NO REJECTS IN 30,000 BUSHINGS 
MADE OF CONTINUOUS CAST BRONZE! 


An aircraft engine manufacturer states that the first 30,000 bushings made 
of Asarco Continuous Cast Bronze (75% Cu, 5% Sn, 20% Pb) were tested 
with black light. There were NO REJECTS! Inspection by this means 
was discontinued as no longer necessary. 

Asarco Continuous Cast rods, tubes and shapes offer production 
economies which are unique. Porosity is virtually non-existent. No sand, 
dirt or other foreign matter is used in the casting process, so that there 
are no inclusions to harm tools. Cutting speeds can be high, too. All stock 
for machining is held to close tolerances and is Medart straightened. Tube 
concentricities are within 1.5% of wall thickness. Continuous Cast Bronzes 
are ideal for use on automatic screw machines. 

You can get Continuous Cast Bronzes made to order in a wide variety 
of alloys... in standard lengths of 12’... lengths 5’ to 12’ on request.. 
lengths 12’ to 20’ on special arrangement. 

216 sizes of the standard Asarcon 773 bronze (SAE 660) are stocked 
in 105” lengths for convenience at warehouses in principal cities across the 
country. Distributors will cut the warehouse stock /ong or short to suit your 
specific requirements. 


Send for a free catalog on Asarco Continuous Cast Bronzes 
It contains physical properties, photomicrographs, table of stock 
shapes and sizes, weights and other valuable information 


"S 


POROSITY VIRTUALLY ELIMINATED | COM P 
WITH CONTINUOUS CAST BRONZES PARISON OF r 


Note in these photomicrographs the superior 
dispersion of constituents in the continuous 
cast alloy also its outstanding freedom 
from metal faults 


West Coast Sales Agent: Á i ' ЖТ? 
KINGWELL BROS. LTD., 444 Natoma Street, San Francisco, Calif | creased from 15 cz impact wilt 100 ; 
Stren 


fe of 
stantial], 
and ba, 


. . ее st by oth © to doub/ k: eths i 
American Smelting and Refining Company | ^ e th 


strengib er means... sub the same alloy 
OFFICES: Perth Amboy Plant, Barber, New Jersey ind: 


s, elon 
gation values mproved yield 
: i ~ 
Whiting, Indiana — 


dne зге; 


Reem p 


~~ 
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AUTOMATIC 


In this helical gear (7° helix angle) 
Powdermet soved over 30 cents! 


“Sentinel of FILTER element removes 
the Airline" solids .00039 and larger. 
e Airline TRANSPARENT BOWL pro- 
vides visibility. REGULATOR 

is capable of passing large 

volume with an unrestricted 

flow and minimum amount 

of pressure drop. Self-bleed- 

ing, compact, simple. Ma- 

chined from bar aluminum. 

LUBRICATOR delivers de- 

sired volume of oil. Adjust- 

able Venturi Valve permits 

efficient operation on broad 

range of volume and pres- 

Pneumatic sure. Bowl can be refilled 
Grinders without shutting off air sup- 
ply. Any of these 3 devices 
can be used as separate 
units or in any combination. 


"Remember, Built - in 
quality remains long 
after first-cost disap- 

Р Write for Literature 


Powdermet cut production 46 Victor Ave. 
costs by % on this pawl. DETROIT 3, MICHIGAN 


POWDERMET* “Matched pairs” like these.. PF r] CIN 


actual production parts, one 
PARTS produced by conventional 2 FRACTIONAL s POWER MOTORS 
methods and one Powdermet, Р 


identical in precision and 
(‘ost lg | performance... prove the 
N amazing economies made 
' ible through Powdermet 


fabri ication. And when special 
properties like electrical 
permeability or controlled 
porosity are important, 
Powdermet parts offer func- 
tional advantages too! Exclu- 
sive Powdermet production 
techniques have extended the 
application of powder 
re to whole new pro- 
duction fields—helical gears, 
stress members, filters—write 
SEND FOR THIS сеа. For the operation of pumps, fans, advertising displays, 
s 1 brooders, space heaters, e oil pumps, small hair dryers, 
FREE BOOKLET can save with Pow parts! desk fans, toys, r in small water circu- 


Check Powderme! odvontoge:s |  lators, kitchen mixers and hundreds of other devices requir- 
for your geors - filters - com . ing "mouse power". 


Type KF saves space in sewing machines and business 
machines. 
VARIOUS MOUNTING DEVICES 


t 
^^. sti¥ 
бу че! ч 


All described in the Heinze catalog. 
POWDERED METAL PRODUCTS CORPORATION 


of Amica | Heinze Electric Co 


West Belmont! Avenue 


Lawrence Street‏ 685 ماپا ا سیا 


пө u... LOWELL. MASS... 
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КЕ; RUBBER 


سے — 


Provide Positive Seal... Retain Flexibility Despite High Temperatures and Pressures 


Here's a seat gasket cut from Ebonite Sheet 
Packing that rolled up thirteen years of 
trouble-free service on a pop-off — re- 
lief valve in a southern plant . d- 
ing high temperatures and pau pir 
eliminating leaks and shutdown time...assur- 
ing absolute safety. Only extensive changes 
requiring different sized gaskets made it 
necessary to replace this gasket at all! 
Performance like this is made possible be- 
cause of Ebonite's remarkable pone 
characteristics and the fact that it ot 


HOSE FOR RUGGED WEAR 
Hose for air, steam, water, oil, gas 

or paints, makes it to fit 
the needs oí the Chemical Indus- 
try. Each is pre-tested for peak 


is 
ce. 






QUAKE 


QUAKER RUBBER CORPORATION - PHILADELPHIA 24, PA. 


Division of H. K. Porter Company, Inc. . Offices and Branches in Principal Cities 


RUBBER PRODUCTS 


custom made for every industrial use 


13 YEAR TORTURE TEST 
eee STILE LIKE NEW! 














А 


Se tdi 


‘QUAKER PACKINGS 


carbonize, melt or become hard. That's why 
Ebonite is ideal for high pressure joints and 
flanges; for use with superheated steam, 
ammonia, brine, air, oils, acids, caustics, 
gases, hot or cold water. 

For all your requirements— whether pack- 
ings or belting for conveying materials ./. . 
flat or V-belts for driving steam engines, 
steam turbines or electric motors . . . hose for 
flushing, suction, cleaning or fire fighting 
purposes—see your Quaker distributor, or 
write direct to us. 


BELTING FOR MAXIMUM 
HORSEPOWER 
Flat belts or V-belts, Quaker has the 
one to fit the drive . . . to transmit 
maximum gens at the e 
operating cost... pre-tested 
assure performance. 


Я 1|! 
ee ai 






| 
{ 


Improved heat treatment of Allen O Head 
screws produces greater Rockwell hardness and 
strength to permit firmer tightening. The 
Allen cup point grips the shaft without 
producing chips or particles. Ideal for use and 
re-use under vibrating stress conditions. 


Always the choice for the best 
in precision screws . . . ALLEN O HEADS 


* Cup point for most applications. Cone, flat, half dog and 
oval points are standard Allen points available from stock 
for special requirements 


wARNINO 
T^ 

[ype Sf 
а " - 
net рик 


Qe gent EE MANUFACTURING COMPANY 
MlesQ Rest stt Hartford 2, Connecticut, U. S. A. 


Аш .NEW YORK, CLEVELAND, DETROIT, CHICAGO, 105 — 
block ond $ 


ths 


i) 
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For low-cost performance of 


INDUSTRIAL RUBBER 
PRODUCTS 


... use these prac- 
tical application and 
maintenance aids 


Here's a handy reference that 

gives you a thorough analysis 

of the engineering, design, ap- 

plication, and maintenance principles you must 
take into account when working with rubber in 
industry. Whether you're an engineer—de- 
signer—shop superintendent—industrial tech- 
niclan—no matter what your link with the 
rubber field . . . you'll find this concise 
treatment of the physical and chemical proper- 


ties of rubber compounds a handy and practical 
guide 


ENGINEERING 
WITH RUBBER 


Edited by Walter E. Burton 


In collaboration with engineers and research men 
of the B. F. Goodrich Company 


461 pages, 445 illustrations, $6.50 


Я reference book gives you the 
practical engineering, applica- 
tion, maintenance and design principles 
of molded, extruded and lathe-cut rub- 
ber, hose, oes, belting, and scores 
of other rubber parts used by industry. 
It illustrates uses for American-made 
rubbers, crude and reclaimed rubbers 
and rubber-like materials . . . presents 
a complete picture of the physical and 
chemical properties of rubber com- 
pounds, the typical dimensions and 
structural details of industrial rubber 
produets. 


This guide shows you how to re- 
duce vibrations with rubber mountings 
—how to determine when extruded 
rubber parts can be used-—how to use 
packing znd sheet rubber, etc. Its 
tremendous store of useful information 
is ready to help you find the right 
answers, the first time, to your special- 
ized design and construction problems. 


Stage-by-stage procedures show you how: 


è to select and use rub- © to design and install 
ber adhesives conveyor belt sys- 


s tems 
è latex parts can im- 


і * to work and use hard 
prove product design ier 


to engineer and in- 
stall V-belt drives ° о о смо 


to select rubber or best service 


linings to withstand ^» lathe-cut rubber can 
chemical action reduce costs 


SEE IT 10 DAYS' FREE 


8 OSS S Se CESSES SSSES SES SSs SEE EEEEESES 
McGraw-Hill Book Co., Inc., 330 W. 42 St., NYC 18 
Send me a copy of Burton's ENGINEERING 
WITH RUBBER for 10 days’ examination on ap- 
| 
1 
i 


proral In 10 days I wil] remit $6.50, plus few 
cents delivery charges, or return book postpaid.* 


Address . 

City 

Company ги ave 
Position FPE-2-51 
*SAVE! We pay mailing costs if you send cash 


with this coupon. Same return privilege. 
SSSSSSSSSS SS SSTET Se SeeeTeeEeeeseeeeeEseEseEes 





DIRECT-T0-YOU SHIPMENTS OF BRONZE 
BAR STOCK CUT BEARING COSTS! 


Stocks of N-B-M "Tiger" Bronze now located for fast 
delivery of the bar size you want, when you want it. 


National Bearing Division has an- 
nounced a new direct-shipment policy 
on "Tiger" Bronze Bar Stock—a 
policy designed to substantially reduce 
costs of bearings, used for plant main- 
tenance or on production lines. 

Stocks have been conveniently 
“spotted” to assure fast delivery. All 
popular sizes in 13” lengths are avail- 
able—as-cast or machined cored and 


solids, or as-cast hexagons. 


Product Designers and Plant Engi- 


neers with an eye on bearing costs are 
urged to get the complete facts. 
Inquiries receive prompt attention. 


"TIGER" BRONZE .. . the ONE Bronze Alloy 
with ALL these features for longer bearing 
service at lower cost... 
WEAR-RESISTANT— Has correct balance be- 
tween bronze matrix and lead. Lasts longer. 
ANTI-FRICTIONAL—Low coefficient of fric- 
tion helps prevent shaft seizure. Saves power. 
SHOCK-RESISTANT, EMBEDDABLE—Hard 
enough to stand up under heavy bearing 
loads. Soft enough to embed foreign ma- 
terial. Protects the shaft. 

EASY TO MACHINE—With speeds as high 
as 3000 F.P.M. Saves time. 


and new bulletin giving 


operating characteristics, 
Please send me your new 
on “Tiger” Bronze: 


POO tus date. 


Company 
Address. 


bar types and 


Cored and Solid Bar Bulletin and prices 


| 
АМЕВ!САМ 


Brake Shoe 


СОМРАМҮ 


NATIONAL BEARING DIVISION 


Manchester Avenue >» $1 


PLANTS IN: ST. LOUIS, MO. « MEADVILLE, PA. Louis 10, Mo. 
е . 


) T sare D 
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OVERSIZE 
ave PANELS 


^. 


УУУУ 
SY raa 
0 $l Sa 


“a UNDERSIZE БИ 
PANELS Е 


SOUTHCO gives you 


installed economy 


because the same fastener 
fits 90% of your jobs! 


How many production hours and dollars would you save by install- 
ing all removable plates and doors with the same size fastener? 


SOUTHCO Fasteners of one size will fit panels and frames in a wide 
range of varying thicknesses—do a better job while saving time and 


T money, because 


they eliminate man-hours wasted in hunting the right grip length. 


they always hold with uniform tension whether used at maximum, 
minimum or nominal grip. 


they are installed “floating” in the outer panel—always line up. 


they perform efficiently after long service—even when panels are bent 
and distorted. 


installation is easy — no special equipment or trained personnel 
necessary. 


WRITE TODAY FOR FREE ILLUSTRATED BOOKLET 


IV. 
SOUTH CHESTER CORPORATION 


1406 FINANCE BUILDING 
1418 SOUTH PENN SQUARE 
PHILADELPHIA 2, PENNA. 


OFFICES IN PRINCIPAL CITIES 


Reprints Available... 


DESIGNING 
WITH 
DOLLARS 


This special editorial report . . . 
from the June issue of PRODUCT 
ENGINEERING . . . contains de- 
sign check sheets for 35 impor- 
tant classifications of materials, 
elements, and fabrication 


methods. 


The design data and notations 
consolidated in these check 
sheets were compiled with the 
cooperation of hundreds of ex- 
perienced product-design engi- 
neers throughout industry. You 
can put this permanently useful 
information to work for your 
company by supplying each 
member of the engineering staff 
with a copy of "Designing with 
Dollars." A limited number of 
reprints are now available at 75 
cents each from our READER 
SERVICE DEPARTMENT. 


PRODUCT 
ENGINEERING 


McGRAW-HILL BUILDING, 
NEW YORK 18, N. Y. 
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The remarkable sv i new switch line is reflected in these 
TYPE A design and features: 
checks of switch operation. 


MODERN STYLING is 
and attractive. DEAD-FRONT line termi 
hinged arc chamber cover. 


COMPACTNESS © 
sacrifice of wirin ience. MAGNETIC ARC PLATE adds to un- 
. usually high rupturing capacity- 

POSITIVE PRESSURE jaws and fuse 
clips, steel reinforced, silver-plated. 
nearly any * b. NON-TRACKING insulation used in 
SIMPLE MECHANIS base. Та iamine insulating cross be 
and-break action T^ dea - REMOVABLE PRESSURE CONNECTORS 
ouver PLATED current-carrying Paray permit substitution of solder lugs, 

EXPOSED BLADES permit visual where preferred. 
appearance—differ in 


p similar to Type ^ in 
100 and 200 ampere sizes 


both functional 


construction details 


*Types C and 


NOW in production: 30, 60, 
Write for Bulletin 


~ түт 1-4. 
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1001 USES IN THE ELECTRONICS INDUSTRY 


ЖИЙИ: 


The new performance-proved metal 
shielded wire in which the conductor 
and the shield remain coaxial in any 
shape. Result? Better products... 
lower production costs...less trouble. 


TAKES ANY SHAPE without lesing its coaxial 
qualities. 


ELIMINATES ELECTRO-STATIC PICK-UP, un- 
wanted feed-back or spurious radiation. 


NO INJURIOUS MOISTURE CONDENSATION 
caused by temperature changes or humidity. 
PROTECTION AGAINST CORROSION, abrasion, 
acids, etc. afforded by solid shield. 


AVAILABLE IN MANY METALS—clominum, 
copper, brass or nickel. 


Get ali of the facts on this 
new development for the 
electronics and instrument in- 
dustries. Write for your free 
copy of the booklet giving 
full details on COAXITUBE. 


RELAYS and 
CIRCUIT 
SELECTORS 


ROTARY SOLENOID 
OPERATED 


@ REMOTE CONTROL 
€ SELF-STEPPING OR 
EXTERNAL IMPULSING 
© POSITIVE 
DETENT ACTION 


for REMOTE CONTROL 
of MULTIPLE 
COMPLEX CIRCUITS 


Many versatile designs of stepping, 
counting, adding and subtracting, 
latching, and circuit selecting re- 
lays are made possible by the 
combination of the Ledex Rotary 
Solenoid and wafer type rotary 
switches. Self-stepped or exter- 
nally impulsed, the device is im- 
mediately adaptable to many 
remote control applications. A 
choice of wire sizes permits a wide 
range of operating voltages and 
power requirements. Various types 
of mountings further increase its 
adaptability. In addition to its 
positive control of multiple, com- 
plex circuits, a reserve of mechani- 
cal power is available for the per- 
formance of duties other than 
switching operations. 

We supply to quantity users and 
solicit the opportunity to be of 
assistance in solving multiple cir- 
cuit relay problems. 


WRITE DIRECT TO 


Fined ú 


130 WEBSTER STREET 


PRECISION TUBE CO. 


Factory: 3824-26-28 TERRACE ST PHILADELPHIA, PA 


DAYTON 2, OHIO 
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UPPER LEFT 

Wirebound staples are driven in cleats 
in such a way that the ends flare 

after entering the wood— increasing 
resistance to pull-out 


UPPER RIGHT 

Cleats are mitered or tongue and groove. 
depending on product shipping con- 
ditions. Accurately cut and augmented 
with wire binding. they produce 

tight joints to stand maximum abuse 


BELOW 

Typical of the Wirebound weight 
reductions achieved for the boiler com- 
pany is this 2914 !b. crate which 
replaced the 75 1b. box shown below 


- 


Like so many other manufacturers, a well known 
manufacturer of heating equipment* found that 
Wirebound Boxes and Crates brought savings obtain 
able with no other shipping container! Box weights 
were reduced 33%; over-all shipping room savings 
were 25%; storage requirements were slashed 80%; 
container assembly and packing time were cut 50% 

Wirebound's umque construction principles will 
enable you to obtain similar benefits. Specifically 
designed for the product it is to carry, each Wire- 
bound is composed of high tensile steel wires stitched 
to thinner wood for face material. Thickness of boards, 
arrangement of reinforcing battens and number and 
gauge of wires vary in accordance with the type and 
weight of contents. 

This is only part of the Wirebound story to 
learn all the advantages of Wirebounds use the coupon 
at right to request a copy of the free Technical Data 
Book or have a Wirebound sales engineer call to 
study your problems. 


WIREBOUND BOX MFRS. ASS'N. 
Room 1152, 327 So. La Salle, Chicago 4, Ill 


CJ SEND COMPLETE LITERATURE 
C SEND A SALES ENGINEER 


60 WIREBOUND PLANTS THROUGHOUT THE UNITED STATES 


*Name on request 
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SHENANGD-PENN Corp 


CASTINGS 


. KEY T0 SAVINGS 


Bronze end bushings, left, as well as 
large cast iron mandrels, above, (shown 
with bushings in place) were cast centri- 
Sugally and finish machined by Shenango- 
Penn, evidencing wide flexibility of 
Shenango-Penn centrifugal technique. 
Used in forming composition pipe, 
mandrels must withstand repetitive bigh 
pressures and stresses. 


For high pressures, 
high stresses... 


F you need rolls, or any sym- 

metrical or annular parts 
requiring unusual strength, uni- 
formity, wear resistance or free- 
dom from porosity and defects, 
check with Shenango-Penn. 
These very qualities are inher- 
ent in the carefully controlled 
Shenango-Penn centrifugal cast- 
ing process. You stand to save 
time and money... to avoid need- 
less trouble. 


Check also on Shenango-Penn's 


SHENANBD 


ALL RED BRONZES 


MANGANESE BRONZES 


modern machining and finishing 
service. It combines complete 
facilities and years of specialized 
experience to meet your specifi- 
cations with over-all precision... 


another time-and-money saver! 


For free descriptive bulletins, 
for specific data on ferrous or non- 
ferrous work, large or small, semi 


or finish machined, write to.. 


SHENANGO-PENN MOLD COMPANY 


686 West Third Street Dover, Ohio 
Executive Offices: Pittsburgb, Pa. 


ALUMINUM BRONZES 


pham 
SMOOTH POWER 


| 
| 


"^g IDT A 


ONAN 2: 


“CK” ENGINES 


The 97-pound, 10-horsepower, air-cooled “CK” 





meets the need for a prime mover combin- 

ing weightsaving aluminum construction with 
heavy-duty performance and long life. Its smooth 
power, inherent in twin-cylinder-opposed, alter- 
nate-firing design improves the operation of any 
equipment. The “CK” gives you 10 

ug in small space, simplifying installation. 

or manual instant starting. 


romeo 
Eua D. W. ONAN & SONS INC. 


6795 Royalston 


Minneapolis 5, Minn 


( ADVERTISEMENT) 


CONSULTANT CONSULTS... 


. « » Buying Information 


Mr. O. F. Huch is Manager of the Electrical 
| Department of Stewart A. Jellett Company, 
| a firm of Consulting Engineers at Phila- 

delphia, Pennsylvania. To help Mr. Huch 

dispose of the wide variety of problems 
which must be solved in a consulting en- 
gineering office, he uses MecGRAW-HILL’S 

PRE-FILED ELECTRICAL CATALOGS to 

excellent advantage. Recently he wrote: 

“As a consulting engineering firm, special- 

izing in commercial and industrial layouts, 

engineering problems, schools, hospitals, 
etc. we find your ELECTRICAL CATA- 

LOGS a great help, and a valuable source 

of information.” 

If PRE-FILED ELECTRICAL CATALOGS 

is not available for buying reference at 

your plant, write to McGRAW-HILL 

CATALOG SERVICE, 330 West 42nd 


MONEL METAL NI-RESIST + MEEHANITE® METAL | Street, New York 18, New York. There is 


| no charge to qualified users, 
270 
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Solenoid Operated Spring 


ARE Centered Valve. 
SWELL 


PARTNERS 


E — when you use a RIVETT 
: SOLENOID HYDRAULIC VALVE! 


You can be sure of positive control of hydraulic power 
with the new Rivett Solenoid Hydraulic Valves. 


Designed with a hydraulically balanced piston, these 
valves are available in Double Solenoid with Standard 
Action, Single Solenoid with Spring Return, and Dou- 
ble Solenoid with Spring Centered. Solenoid Pilot 
Valves are also offered in each of the above three types 
of action. Five standard piston designs are offered to 
meet the requirements of any hydraulic circuit; other 
arrangements of spool porting may be had. 


Features that make these valves outstanding in per- 
formance include balanced piston construction; a one 
piece, hardened, ground and lapped plunger; O” ring 


seals; solenoid covers; symmetrical design. 


SEMI-AUTOMATIC ELECTRIC CONTROL WITH SEQUENCE FEATURE 
Cycle is started by momentarily depressing push button 1 which 
energizes solenoid coil of Model 5500 4-way control valve 2. Cyl- 
inder A extends; at completion of outward stroke, pressure will in- 
crease in cylinder A supply lines causing sufficient pilot pressure to 
open sequence valve 3, permitting oil to flow to cylinder B, and 
cylinder B extending. Limit switch 4 is momentarily actuated by 
piston rod of cylinder B, energizing opposite solenoid coil of 4-way 
valve. Oil flow to cylinders is reversed and cylinders A and B retract. 
Where piston velocities and inertia of connected loads are high, 
cushion cylinders are recommended. If external stops are provided, 


cushioning is not required. 
Write for 50-page Cata- 


leg Section No, 202 illus- RIVETT LATHE & GRINDER Inc: 
trating and describing all 


Rivett Hydraulic Valves, DEPT. PE 2 e BRIGHTON 35, BOSTON, MASS. 


WHEN YOU APPLY HYDRAULIC 


o m om Tl yf, RIV ETT 


AIR AND HYDRAULIC VALVES AND CYLINDERS, HYDRAULIC POWER UNITS 
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“Robertshaw 
"oC 


AUTOMATIC SWITCH AND OVEN 
TEMPERATURE CONTROL 
m 


a Simple т 


URN oF tHe 0^" 


cuts in two oven elements 


AUTOMATICALLY f cua. preheating. 


cuts out top element shortly 
before oven reaches preheat 
temperature, minimizing 
overs! Д 


AUTOMATICALLY 


cuts in lower element and 
maintains oven temperature 
on that circuit only. 


AUTOMATICALLY 


You get fully-automatic control of oven temperature 
with this Robertshaw combination automatic switch 
and thermostat. Compact in size. Easy to install. Four 
mounting positions provided, together with close-up 
or extended bezel to fit any switch panel in the range- 
top, or back panel position. Screws inserted from 
rear. Three basic models. Write for information. 


In home and industry, EVERYTHING'S UNDER CONTROL 


x Robertshaw 


THERMOSTAT DIVISION 
ROBERTSHAW-FULTON CONTROLS COMPANY 
YOUNGWOOD, PENNSYLVANIA 


ROCKFORD 
Simplified 
Low Cost 
CLUTCHES 


for 


Power Take-Offs 


This newly developed, simplified 
heavy duty type clutch uses fewer 
parts, thus can be produced at 
lower cost. Its design provides for 
cleaning and cooling through air 
circulation between the clutch body 
and pressure plate. Centrifugal 
action is offset by the toggles being 
anchored nearer center of the shaft. 
Self-engaging tendency is over- 
come by a new toggle lever design. 
Pressure is spread evenly over the 
entire friction surface. Accurate 
balance insures smooth operation. 
Sizes fit in standard S.A.E. fly- 
wheel housings. Convenient ad- 
justment requires no special tools. 


Send for This Handy Bulletin 


MISCO xccis/°" CASTINGS 


STAINLESS ST 


CAST TO MICROMETER TOLERANCES 


Misco offers important advantages for 
the quantity production of pieces such 
os this, which are intricate from both 
design and dimensional standards 


This governor fly weight, made in 
wear-resistant high chromium- 
steel, well illustrates the type of 
small complex parts which can be 
produced economically by the 
Misco Precision Casting Process. 
Intricate shaped parts can be made 
in extremely fine detail, without 
machining, to exacting physical 
end metallurgical specifications. 
Replacing a die casting, which 
failed due to excessive wear and 
breakage, this part showed no 
measurable wear after thousands 
of miles of service under the severe 


Part: 
AUTOMOTIVE GOVERNOR 
FLY WEIGHT 


Alloy: Miscrome 5— 


Weight: ! oz. 
(ALS.1. Type 440 Modified) 


driving conditions of stop-and-go 
bus operation. Why not inquire in- 
to the Misco Precision Casting 
Process for low-cost production of 
your small parts in high strength, 
wear-resistant, and heat and cor- 
rosion-resistant steels? Your in- 
quiries are solicited and we will 
assist with the design, material 
and manufacturing details. 


PRECISION CASTING DIVISION 
Michigan Steel Casting Company 


1999 GUOIN ST 


(1G One 
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Let’s LOOK INTO the Use of FELT by SEALMASTER 


è Here is an exceptionally interesting example of 
the use of American Felt in a bearing seal. Note 
that the seal consists of an inner labyrinth ring 
pressed into the outer race of the bearing, an outer 
flinger ring pressed onto the inner race of the bearing, 
and a ring of felt in the channel between the two. 
The felt rotates with the outer ring, and as it is 
assembled without pressure, there is no danger of 
glazing or wear. 


Now let’s see what happens in service. Due to the 
rotation of the outer steel ring and the felt ring, 
a centrifugal action is developed. ‘Three effects 
result from this action in combination with the de- 
sign of the labyrinth: 1, entry of dirt into the seal 
is prevented; 2, excess grease that may work its 
way past the vortex or trap created by the steel 
seal ring on the outer race passes slowly through 
the felt; 3, the felt is kept clean and free from glaz- 
ing. When rotation stops there are still the same 
barriers, except the centrifugal. No wonder these 
pillow blocks run for years with such protection! 
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@ American provides various types of felt, plain 
or laminated with impervious materials, to meet 
the need for reliable seals. Write for authoritative 
Data Sheet No. 11, “Felt Seals, Their Design and 
Application”, complete with illustrative samples. 


American Felt 
Company 


GENERAL OFFICES: 36 GLENVILLE ROAD, GLENVILLE, CONN 
ENGINEERING AND RESEARCH LABORATORIES: GLE: /VILLE, CONN. 
—PLANTS: Glenville, Conn.; Franklin, Moss.; Newburgh, N. Y.; 
Detroit, Mich.; Westerly, R. 1.—SALES OFFICES: New York, Boston, 
Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. Lovis, 
Atlanta, Dallas, San Francisco, Los Angeles, Portland, Seattle, Montreol. 





That's right, Pard! There's no trick to 
using Brainard welded mechanical 
steel tubing, because Brainard tubing 
is quality controlled from ore to 
product, assuring greater value at 
standard prices. 

The superior forming characteristics 
of Brainard tubing eliminate much of 
the scrap that is common when 
"tricky" or difficult fabrication is en- 
countered, because Brainard tubing 
is ductile, uniform, easier working. 


"NO TRICK TO IT, 
IF YOU USE BRAINARD 
STEEL TUBING"! 


New Brainard Tubing 

Catalog just off the 

press. Write today 
for your copy. 


TUBING DIVISION 


BRAINARD STEEL COMPANY 


3322 LARCHMONT AVENUE 


There are Brainard sales offices in Atlanta, New York, Cincinnati, Pittsburgh, Buffalo, Rochester, 


WARREN, OHIO 


N. Y., Chicago, Philadelphia, Detroit, Cleveland, Indianapolis, and Nashua, N. H. 


Sales Representatives: Sharonsteel Products Co. in Detroit, Grand Rapids, Mich.; and Farrell, Pa. 


Fred J. Reynolds, Davenport, la.; Brass & Copper Sales Co., St. Louis, Mo 
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How fo select 
the right material 


for the right job 
v v 


Practical data on 


7500 


MATERIALS 


in the 


Revised, Enlarged 
6th Edition of 


By GEORGE S. BRADY 
789 pages, 6 x 9, $7.50 


Here’s your short cut to essential facts 
you need in the selection and specifica- 
tion of materials. It saves you endless 
time—and eliminates error—in the 
choice of materials for manufacturing, 
construction, engineering, chemical pro- 
cessing, etc. You get full descriptions 
of hundreds of processing materials 
used in the basic and intermediate in- 
dustries—plus data on imported raw 
materials that the war emergency has 
shown to be important to American 
industries. 


You get 7500 materials descriptions 


Years of work have gone into selecting 
only the most pertinent facts about 
some 7500 materials, and presenting 
them in compact form for the conven- 
ience of industrial engineers, execu- 
tives, architects, designers, builders, 
and purchasing agents. Arranged for 
instant reference this handbook gives 
chief characteristics, comparative data, 
sources, substitutes, adulterants, and 
uses. The chief ores and most import- 
ant of industrial chemicals are in- 
cluded. A new section on materials 
economics gives you valuable details 
on procurement and use of materials 
throughout the world. It features a 
wealth of helpful charts, maps, tables, 
and illustrations. 


10 DAY FREE EXAMINATION 


McGRAW-HILL BOOK 

830 West 42nd St., New Tork 18, N. ¥. 
Please send me copy of Brady's 
MATERIALS HANDBOO , 6th Edition. 
for 10 days’ examination on approval. In 
10 days I will remit $7.50, plus a few cents 
postage, or return book postpaid.* 


Position 
Company 


„® рау postage and packing о 
cash with your order. Same return 
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THIS IS THE REASON 


CLARE RE LAYS 


Cut-away View 
CLARE Type К 
Hermetically Sealed Relay 


First 


i 


@ Pictured here are ten CLARE Sealed 
Relays from which every trace of moisture 
and gas is being removed by a high vacuum 
pump. 

After the first pumping, the enclosures are 
flushed with dry nitrogen and again pumped 
down to a few microns pressure. While under 
this extreme vacuum, enclosures and seals are 
tested for leaks by means of the mass spec- 
trometer (right). This device can detect a leak 
so small that it would take 3] years for one 
cubic centimeter of air to pass through it. 


Containers are next filled with dry nitrogen 
to a pressure of at least one atmosphere. 
When the evacuating tubes are pinched off, 


the enclosures are hermetically sealed. 


More than forty different series of CLARE 
hermetically sealed relays... immune to 
every type of climatic or environmental con- 
ditions . . . are now available to relay users. 
Innumerable variations of coil and contact 


specifications are possible. 


If your relay requirement calls for the utmost 
in relay dependability under difficult operat- 
ing conditions, get in touch with the CLARE 
sales engineer nearest you or C. P. CLARE 
& CO., 4719 West Sunnyside Avenue, Chi- 
cago 30, Illinois. In Canada: Canadian Line 
Materials Ltd., 
CLARELAY. 


Toronto 13. Cable address: 


Write for 36-page Clare Bulletin No. 114 


КЕЕ ЕВА 





in the Industrial Field 


à P LUN. ono y P A AER LAD EA Оа оа о 


Permanent magnets are in- 
dispensable in many types 
of equipment used by the 
armed forces. Thus, an early 
discussion of your plans 
with INDIANA engineers is 
advisable. Recent improve- 
ments give "packaged ener- 
gy” even greater utility. 


Зу... ты: 


ТНЕЅЕ ТМО МАСМЕТЅ 
PRODUCE THE SAME 
AMOUNT OF ENERGY. 
Above is a chrome magnet, 
the best of fifteen years 
ago; below, as made of 
INDIANA’S exclusive HY- 
FLUX Alnico V—strong- 
est of today’s magnet ma- 
terials—introduced in 1950. 


MF) THE INDIANA STEEL PRODUCTS COMPANY 


INDIANA * * * Sales Offices Coast! to Coast! 


PERMANENT 
MAGNETS 


VALPARAISO, 


SPECIALISTS IN ""ACKAOESD ENERGY' 


Quick conversion to Defense Production requires seeing problems 
and solving them without false starts or delay. So, if your “tomorrow’s 
products" involve permanent magnets (or, if permanent magnets 
would simplify their manufacture or use) confer now with the indus- 
try's leading magnet designers and application specialists... The 
Indiana Steel Products Company's experienced staff of engineers. 


INDIANA'S engineers established an enviable record in World War 
II for their work on permanent magnets used in radar, sonar, ranging 
equipment, aircraft magnetos, proximity fuses, guided missiles, etc. 
For example, they aided in the development of the first “packaged” 
magnetron tube, and—working with the Signal Corps—made portable 
telephones practical by reducing both the size and weight of the ring- 
ing generator required. 


BENEFITS LIKE THESE CAN BE YOURS 


INDIANA Permanent Magnets are components of many mechanical 
and electrical devices because they are so compact, easy to install, and 
deliver uniform energy without heat or operating parts. And improve- 
ments in materials and design have resulted in a wide range of wholly 
new uses. 


INCREASED CAPACITY 


As the world’s largest producer of permanent magnets, with the accu- 
mulated know-how of more than 30,000 different applications... with 
facilities and personnel that won the Army-Navy “E”, now expanded by 
50% ... The Indiana Steel Products Company offers you many un- 
equalled facilities. Many types and sizes of magnets are immediately 
available for experimentation. Write or phone INDIANA today. 
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SINCE 1908 


DEEP DRAWN 

М STAINLESS 
T A STEEL 

| STAMPINGS 

N FOR FOOD 

17 EQUIPMENT 


"NH 
WILLIAMS 


4 „э - 


SALES OFFICES: NEW YORK, PHILADELPHIA, CHICAGO, DETROIT, INDIANAPOLIS, CLEVELAND 


DESIGNERS AND MAKERS OF DEEP DRAWN STAMPINGS 
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Velocity and acceleration of objects moving at 2000 
miles an hour or faster can be recorded and measured 
in a single optical image by a new Beckman and 
Whitley Temporal Sequence system based on split- 
type camera techniques. Optical or non-optical 
events can be studied with equal facility over as 
long a time period as desired. A dependable, 1/15 
hp, split phase Bodine Motor supplies the drive to 
pull film past an optical slit. 

The reputation of Bodine Motors for reliability 
is solidly built upon nearly a half century of service. 
Numerous production tests...thorough final assem- 
bly tests...finest possible materials...skilled, ex- 
perienced workers...all combine to insure Bodine 


= et mt POI IR > 


| 
{ 
| 


Motors against failure and guarantee customer- 
satisfaction. 

Bodine Engineers have the know-how, so why not 
let them help you with your motor application 
problem? 


THE POWER BEHIND 
THE LEADING PRODUCTS 


BODINE ELECTRIC Co. 


2260 West Ohio St. 
Chicago 12, IIl. 


DISTRICT AGENTS 


BUFFALO 3, N. Y. DETRO!T 1, MICHIGAN 
Ellicott Square—S. E. Shea 4464 Coss Ave.—C. D. Miller NEW YORK 18, N. Y. 


55 West 42nd St.—H. C. Mayorga 
CAMBRIDGE 39, MASS. KANSAS CITY 6, MISSOURI 
686 Massachusetts Ave.—W. A. Black 903 McGee Street—T. Pellmounter ROCHESTER 4, N. Y. 


825 Commerce Bidg.—S. E. Shea 
CLEVELAND 3, OHIO LOS ANGELES 13, CALIF. 
4500 Euclid Ave.—W. R. Uffelman 411 So. Wall St.—H. M. Holl SAN FRANCISCO 3, CALIF. 


995 Market $t.—J. F. Cady 
MINNEAPOLIS 15, MINNESOTA 
712 Sixth Ave., So.—A. C. Jacobson 


PRODUCT ENGINEERING — Fesruary, 1951 





JOHNSON 


SLEEVE BEARING 
DATA 


Clearances 


IL CLEARANCE in sleeve- 
O type bearings is that differ- 
ence in size between the diameter 
of the shaft and the inside diameter 
of the bearing. This space accom- 
modates the lubricant, permits the 
formation of a protective oil film 
preventing metal-to-metal contact 
when in operation and allows for 
expansion due to heat. Bearing per- 
formance, bearing life and machine 
operation are all greatly affected by 
oil clearances determined through 
correct dimensions of shaft and 
bearing. 

It is quite impossible to set hard 
and fast rules for all applications. 
So many factors go into the success- 
ful operation of bearings that each 
should be given individual study 
and clearance data decided from the 
findings. However, certain general 
standards can be used as a guide 
towards correct oil clearances. 

The above chart lists the average 
oil clearances most widely used for 
internal combustion engine applica- 


BRONZE 


SLEEVE BEARING 
DATA 


INTERNAL COMBUSTION ENGINE BEARINGS 


Dia. of Crankshaft 
Journal or Crankpin 


2" to 2%" 
2H" to 344" 
3," to 354" 
374" 

4" 


.0015 
.0025 
.003 
.0035 
1004 


tions. This applies to units in which 
a force feed, pressure lubrication 
system is used. The vertical clear- 
ance is generally maintained to low 
limits whereas higher clearance is 
maintained at split line, accom- 
plished by eccentric bore or reliefs 
at parting line. For splash lubri- 
cated bearings, where the engine 
speed is less than 2000 R. P. M., 
the minimum oil clearance will be 
somewhat larger, varying from 
.0002 to .0006 per inch of shaft 
diameter. 


BEARING CLEARANCES IN INDUSTRIAL APPLICATIONS 


| Running Clearance, Thousandths 
of an inch, for shaft dia. under 


CLASS OF BEARING 


Precision Spindle Practice--Hardened & 
ground spindle lapped into the bronze bush 


ing. Below 500 ft./Min. & 500#/Sq. In. .0075 


Precision spindle practice 
Ground spindle lapped into bronze bushing. 
Above 500 ft./Min. & 500#/Sq. in. 


Electric Motor & Generator Practice 
Ground Journal in broached or reamed 
bronze bushing or reamed Babbitt bushing 


Hardened & | .0005 


General Machine Practice (Continuous ro- | 


tating motion)— Turned steel or cold rolled 
steel Journals in bored & reamed bronze or 
poured & reamed babbitt bushings 


General Machine Practice (Oscillating Mo- 
tion)— Journal & Bearing material as above 


Rough Machine Practice— Turned steel or 
cold-rolled steel Jouraals in Poured babbitt 
bearings 
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м" 1" 2" 31s" 514" E 
.0015 | .0025 
to to 


.0025 | .0035 


.002 
to 
.003 


.00025 | .00075 
to to 
0015. 


.0035 
to 
.005 


.0045 
to 
.0065 


001 
to 
.002 


.003 
to 
.0045 


to 
.001 


.0015 
to 
.0035 


.003 
to 


.002 
to 
.004 


.0005 
to 
.0015 


.001 
to 
.002 


.002 
to 
.004 


.0025 
to 
.0045 


to 
.005 


.003 
to 
.005 


.008 .011 
to to 
.012 .016 


.0025 
to 
.0045 


.0025 
to 
.0045 


.005 
to 
.008 


.014 
to 
.020 


.005 
to 
.009 


.003 
to 
.006 | 
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Oil Clearance between shaft 
and bearing on diameter 


T Crankshaft 
End Clearance 
.004 to .006 


.006 to .008 


.008 to .010 


.001 


.008 to .010 
.008 to .010 


*This data computed on the use of white or babbitt metals. 


rdinary industrial applications 
С be governed by general 
clearance 'practice—as listed below. 
We have found, through more than 
40 years exclusive bearing manufac- 
turing experience, that the majority 
of applications can be so classified. 
The tolerance range, as shown by 
the chart, provides ample room for 
the formation of a protective lubri- 
cating film. In certain specific ap- 
plications, such as some types of 
machine tools engaged in producing 
very precise parts, clearances must 
be held to very close limits. 

There is one sure way of remov- 
ing doubt concerning tolerances and 
oil clearances. Call in a Johnson 
Bronze Engineer. We are interested 
in giving you bearings that will suit 
your applications—bearings that 
will deliver greater performance 
and longer bearing life. Our men 
are trained in all phases of bearing 
practice. We offer their services to 
bearing users without obligation of 
any kind. 


This bearing dota sheet is but one of a series. 
You con get the complete set by writing to— 


SLEEVE BEARING HEADQUARTERS 
508 $. MILL ST. NEW CASTLE, PENNA. 
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The NEW va series of 
HILLIARD 


7 


INERY 
LL AD 
ж Ob Uma: OVERLO 

F 


P IMPROVE THE CONTROL OF 
YOUR REWIND STAND 


REGULAR SERIES—From 50 inch Ibs. to 300,000 
inch lbs. torque. Prevents transmission of over- 
load. Constant torque clutches can be pre-set. 
NOW AVAILABLE — Adjustable while running 
constant tension clutches. Provide ample friction 
surface for heavy duty use in reeling and wind- 
ing operations. 

THE NEW LIGHT SERIES—high capacity in small 
size. From 10 inch Ibs. to 500 inch lbs. torque. 
Metallic plates, disk springs. Constant torque— 
easily adjustable. 


eae 
а 
FOR DETAILED INFORMATION WRITE FOR BULLETIN NO. 300 


pRODUCTION : 


Also manufacturers of ov ng and Single Revolution Clutches 


"* HILLIARD ETD 


101 West Fourth Street Elmira, New York 
OFFICES IN PRINCIPAL CITIES 
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ШЇП 


TRACING CLOTH THAT DEFIES TIME 


@ The renown of Imperial as the finest 

in Tracing Cloth goes back well over 

half a century. Draftsmen all over the 

world prefer it for the uniformity of 

its high transparency and ink-taking 

surface and the superb quality of its 

cloth foundation. А 
Imperial takes erasures readily, А 

without damage. It gives sharp con- 1 )el | 1 

trasting prints of even the finest lines. ( 

Drawings made on Imperial over fifty 

years ago are still as good as ever, 

neither brittle nor opaque. TRACING 
Kf you like a duller surface, for 

clear, hard pencil lines, try Imperial CLOTH 

Pencil Tracing Cloth. It is good for j 

ink as well. 


SOLD BY LEADING STATIONERY AND DRAWING MATERIAL DEALERS EVERYWHERE 
` 


Builders of 
SPECIAL PURPOSE 
MACHINERY 


DixıE-LOWDREY 


«r Machine Corporation 
A subsidiary of Dixie Cup Co. 


Designers and Custom Builders for over 75 years 
Write: Dixie-Cowdrey, Fitchburg, Mass., Phone: 5200 


PRECISION DIE MADE — LOWEST POSSIBLE COST 


DAYTON ROGERS MFG. CO. 


Minneapolis 7, Minnesota 
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you SAVE material dollars 
you SAVE machining dollars 
you SAVE tool dollars 


with MUELLER BRASS CO. 


forgings 


Your savings add up in a hurry with Mueller Brass Co. forgings. You save material. Brass and bronze forgings 
have a tensile strength at least 50% greater than sand castings. This eliminates all unnecessary weight and reduces 


overall material costs * * 'You also save machining and finishing time. Since the dimensions of forgings can be held 
to much closer tolerances, there is less material to remove by machining. Also the finishing time required for 
plating or polishing is greatly reduced by the smooth, natural finish of brass and bronze forgings * * * You save 
tool dollars. The absence of surface scale greatly lengthens the life of machining tools. The dense homogeneous 
structure of forgings eliminates scrap due to sand holes and other material scrap * * * Where appearance, 
strength, and cost of manufacture is important, it will pay you to specify Mueller Brass Co. brass and bronze 
forgings. Write today for the cost-cutting details. 


MUELLER BRASS CO., PORT HURON 16, MICHIGAN 
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CHECKLIST 
of outstanding 


McGRAW-HILL BOOKS 


1. VIBRATION and SOUND 


By Philip M. Morse, Director, Brookhaven 
| National Laboratory 
| 
| 


168 pages, 116 illustrations, $6.00 


Here's authoritative information on the theory 
of vibration and sound—factual material op 
strings... the case of plane waves in tubes . 
and the application of operational calculus and 
the Laplace transform to the study of acoustica! 
transients. This book explains and analyzes 
the simple oscillator, the flexible string, the 
vibration of bars, membranes, and plates, plane 
waves of sound, the radiation and scattering of 
sound, standing waves of sound, etc. 


2. MECHANICAL VIBRATIONS 


Ву J. P. Den Hartog, Professor of Mechanica! 
Engineering, M. I. T. 


3rd edition, 478 pp., 6x9, 282 illus., $6.25 


This book deals with vibrational phenomena in 
a technical manner, yet emphasizes applica 
tions of principles and calculations to practica! 
problems of vibration. You receive valuable 
information on airplane wing flutter, helicopter 
ground vibration, torsional pendulum dampers. 
singing ships’ propellors, and electronic instru 
ments. The principal applications to steam 
turbines. automobiles, diesel engines, and elec 
trical machinery are included. 


3. MATHEMATICAL THEORY of 
ROCKET FLIGHT 


By J. Barkley Rosser, Professor of Mathe- 
matics, Cornell University—Robert R. Newton, 


: : | Technical 8 > 
All moving parts are controlled hydraulically Sonia, eh AL, PY RS 


by T-J Cylinders—on this Malleable Nut ee 


Production Machine designed and built by 276 pp., 6x9, 41 diagrams, $5.00 
Roy Hays & Associates, Rockford, IIl., for the Explanations and illustrations in this volume 
PI э n are combined with mathematical analysis to 
Wagner Malleable Products Co., Decatur, Ill. show you factors involved in rocket propulsion 
5 i : Discoveries in the field are covered by a wealth 
It’s fully automatic—the operator only places of explanatory material including concise dia- 


г . T: - ~ ge grams, tabl a h 
nuts in stations. Nine T-J Cylinders, 40 ton te how Jet forces propel the rocket. how the 


E : 9 . a rocket is rotated for stability, aerodynamic 
to l4 ton, help complete the job of cutting oft forces on & non-spinning rocket, effect va jet 
sprue, sizing, boring, facing, cham- action, dispersion of a rocket, vacuum trajec- 


И À tory, launcher velocity, and tipping-off effects 
fering and threading 2,500-% std. ins 
pipe thread nuts per hour. 


For your tough jobs of power 4. сном 


— i ing 
movement — pushing, pulling By Antonin Svoboda, Hubert M, James, Editor 
or lifting—sat e labor. speed Vol. 27—Massachusetts Institute of Technology 


Е . Radiation Laboratory Series OSRD-NDRC. 
production and cut costs with 352 pp., 6x9, 177 illus., $5.00 
T-J Air and Hydraulic Cyl- This guide to recent developmente in radar 


е » ' Е ө Bon Rives you a clear picture of computin Б 
inders! Many standard sizes isms in general, and includes р. 


and styles... both cushioned of the design of bar linkages 
) : for use in computers. You 
and non-cushioned types .. receive a full account of 


100 Ib. or 50,000 Ib. Preci- um dum RMF 


sion-built for long-life de- erators of functions of one 
and two independent vari- 


pendability. Write for latest ables. Special attention is 
catalogs. The Tomkins- CR ELE eu 


д linkage multipliers. 
Johnson Co., Jackson, Mich. 


POWER DIRECTION 
——— =», 10 days free examination 


ү я [ | \ M«GRAW-HILL BOOK CO., INC. 
Ü \ - ] Send me books corresponding to numbers circled 


sd | | 330 W. 42nd. St., N. Y. C. 18 


i | below for 10 days free examination on approval. 
ч. £ In 10 days I will pay for books I wish to keep, 
— lus & few cents postage, and will return unwanted 


100 LB. or 50.000 LB. DES" 


Name . 


TOMKINS-JOHNSON ону... 


RIVITORS AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS Company 


Position . ГРЕ-2-5 | 


* SAVE! We pay postage and раскіт 
you send cash with your order. 
privilege. i 
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Now available for oil hardening 
in entire range of thicknesses... 


Brown & Sharpe 
Ground Flat Stock 


For templates, cutting tools, gages, 
machine parts and many similar 
pieces, there's a type of 
Brown & Sharpe Stock exactly suited 
e to your specific requirements. 
To give you even greater benefits from the —— 


money-saving, time-saving advantages of ac- 
curately pre-ground stock, Brown & Sharpe 
offers a choice of oil or water hardening steel 
in 16 different thicknesses from 1/64" to 1". 


In eight thicknesses up to and including 
3/16", a single type of ground flat stock now 
serves for hardening in either oil or water... 
a distinct Brown & Sharpe feature. 


With this complete range of 145 stock sizes, 
you can meet a wide variety of requirements. 
Stock for oil hardening is for parts with intri- 
cate sections, sharp corners or abrupt changes 
in form ... for water hardening, where slightly 
higher hardness is needed. 


Continuous, repeat markings of type on each 
piece of Brown & Sharpe Ground Flat Stock 
make identification easy. Protective envelopes 


in different colors simplify handling. 


Write for new descriptive folder. Brown & 
Sharpe Mfg. Co., Providence 1, R. L, U. S. A. 


We wage buying through the Distributor 


Brown & Sharpe xs: 
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Why look further « 


for 


special metal assemblies? 
Call Cambridge %3) 
your approved gg source 
for properly designed 
crates, baskets, 
racks, trays, or fixtures-- 


for processing your products or materials, in bulk, 
through liquids, heat, gases or corrosive agents. 


Submit your own blueprints for quotation, or merely 
give us the details of the process for which the 
assembly must be designed. Our trained engineers 


and metalworkers will do the rest. 


Look "Baskets 


Telephone Directory to call your 


under Wire" in your Classified 
Ask for FREE folder 
describing Cam- 
bridge facilities 
for special meta! 


fabrications. 


Cambridge Field Engineer .. . or 


write direct. 


The Cambridge 
Wire Cloth Co. 
Dept. P * Cambridge 2, Md. 


META 
FABRICATIONS 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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KNOW 
HOW! 


Diefendorf has 
long had the 
"know how" in 
gear design and 
production. And, 
too — Diefendorf 
knows how to work 
with your design- 
ers and engineers 
on gear production 
problems for mili- 
tary or civilian re- 
quirements. 


DIEFENDORF 
GEAR 
CORPORATION 


Syracuse, New York 


DIEFEND‘O:AF 


G E AR S 





ANY SHAPE - ANY MATERIAL - 


Write for Free Forging Data Folder 


COMPLETE FACILITIES 


J. H. WILLIAMS & CO., "The Drop-Forging Pe 





TE EET T T E 
FOUR TYPES OF- Sf 


и = WOVEN BRAKE LINING , 


a COVERING ALL INDUSTRIAL 
a REQUIREMENTS FOR INTERNAL 
а АМО EXTERNAL BRAKES 


sizes 1 1/2 «5 2 m 4 х 318 
LARGE CAPACITY (10,06 ) 
LONG EXPERIE E (since 1927 
SPECIALISTS | IN SHORT RUN ORDERS 
WE INVITE YOUR INQUIRIES 


"ТП FRICTION MATERIALS CO. 


CHARLOTTE 
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power modernization 
ME 


modern 
engineering 
design 


ыны ee 


OUTSTANDING FEATURES 


Simplified gear system—balanced design 
compact — rugged — heavy overhung loads 
highly efficient — abundant lubrication —low 
output shaft — Herringbone Rotor — positive 
oil seals — protected — streamlined — through 


ventilation —quiet operation — AGMA speeds 

long life—every unit will operate in any STERL | N G $ LO - $ р t Ё D 
2081110 

eem ..GIVES YOU THE ONE BEST SLOW SPEED AND 


flexibility in arrangement of machinery —saves valuable space 
Ask for your copy of 
pictorial bulletin No. F-69, 
M [met Sterling Electric 
Power Driv es Turning The 

\w heels of Industry. 


provides greater safety—costs less to install and use. An 
indispensable source of slow speed power for 
Agitators Dryers Presse 
Blenders Feeders Pumps 
Blowers Kilns Screens 


3 


3 


Conveyors Mills Tumblers 
Eia cnn ннан Cookers Mixers Etc., etc., etc 


терин MOTORS 
MOTORS 


Plants: New York 51, N. Y.; Los Angeles 22, California; Hamilton, Canada; Santiago, Chile. 


| gives uninterrupted service — provides versatile mounting and 
| 
| 


Offices and distributors in all principal cities. 
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SELF-LOCKING NUTS 


Starts from momentary 


or maintained pilot 
switch 
load rcuit combi 
tions are built in 
ives those difficult 
100s without us ng 
eomplicated circuits 


ction of 


jes. Enclosed mech 


171,360,000 


VIBRATIONS AT 4000 


sS Out trouble 


BULLETIN 120 


will give you the 


EAGLE SIGNAL 


CORPORATION 
Ир, pA PR 


DEMAND THE BEST 
KILN DRIED WOOD 
FOR YOUR PRODUCT ğ 


to minimize checking, warping 
splitting, distortion, other costly waste 


SAVE MORE | SPECIFICATION” 


CUSTOM 


WAYS wir KILN DRYING 


full story 


The finest in Specification drying of Western woods, 


Hard and Soft Domestic and Imported Woods 
FOR AIRCRAFT, TECHNICAL OR REGULAR USES.. 


* Resawing, Surfacing, Pattern Cuts, Smooth-end trim. 

* Save on dry freight weight vs. green. Pattern items 

Transit rates on R.R. shipments. 

* Delivered, ready to use— Saves manpower, time. 

* Each order dried, handled, and shipped individually. 

Ж S5 automatic c.c. Kilns operated by Trained Engineers. 
DRYING UP TO 50’ LENGTHS...UP TO 6” THICK 


LUMBER MANUFACTURERS X ЕД 
PORTLAND 2, OREGON 


cut waste, freight. 


for Gordon Wilkinson, Pres. 


2530 S.E. STEELE ST. 


i 
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CYCLES PER MINUTE... 


Plain nuts with lock washers 
loosened after only ONE 
HOUR of 4000-cycle-per- 
minute operation on the 
vibrator of a concrete 
block machine at the plant 
of the Bethayres Concrete 
Block Co., Bethayres, Pa. 


When FLEXLOC Self-Lock- 
ing Nuts were installed, 
they were still tight when 
the machine was torn down 
for rebuilding after 6 
weeks operation — at 4000 
C.P.M., 17 hours a day, 
7 days a week! 


If you have an application 
where nuts loosen or back 
off, try FLEXLOC, the one- 
piece, all-metal STOP- and 
LOCK-NUT 
work loose.” 


Send for Bulletin 619-A 
today. 


“that won't 


-SPS- 


STANDARD PRESSED STEEL _STANDARD PRESSED STEEL CO. 


` JENKINTOWN 28, PENNSYLVANIA __ 28, PENNSYLVANIA 





COPPER AND BRASS 
now scheduled 


for improved delivery 
ON DEFENSE ORDERS 


IF you need brass or copper to fill a defense order (DO), get in touch 
with your nearest Chase warehouse. And ask about our deliveries. Mill 
shipments are favorable. Warehouse shipments are prompt, and in 
many cases we can make immediate delivery of small “DO” orders right 
from stock. With our own mills and with 23 Chase warehouses in large 
industrial cities from coast-to-coast there is no one in a position to give 
you better service on your brass and copper requirements. 


COPPER ROTATING BANDS. We are also in an excellent position to supply 
copper rotating bands of all sizes, clean and free of burs. Your inquiries 
are invited. 


The Naion Headguarlers for 
һ asc BRASS & COPPER 


WATERBURY 20 CONNECTICUT SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


THIS IS THE CHASE NETWORK handiest way to buy brass 
ALBANY! ATLANTA BALTIMORE BOSTON HICAGO  CINCINNAT EVELAND OALLAS ENVER DETROIT OUSTON! 0 a LOS ANGELES MILWAUKEE 
MINNEAPOLIS NEWARK NEW ORLEANS NEW YORK PHILADELPHIA PITTSBURGH PROVIDENCE ROCHEST 3! 0 5с 1 TLE. WATERBURY 
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Have you a design or production problem involving 
parts fabricated from woven wire cloth? If you do, 
why not allow us to be your manufacturing division 
for such parts. We have a large department spe- 
cializing in the fabrication and assembly of wire 
cloth parts in production quantities...we are 
equipped to manufacture everything from ventilat- 
ing screens to fuel pump strainers. 


We weave our own cloth and do all the necessary 

cutting, forming, welding, soldering, seaming, bend- 

ing, edging and fitting. You get your parts com- 
plete, ready for quick as- 
sembly. 


May we quote on your re- 
quirements? 


BBewark Vire Gloth 
COMPANY 


35! VERONA AVENUE * NEWARK 4, NEW JERSEY 


^ 


> 
atii iat anti tit ila a 


د اققا ع duci e‏ 


|p = How to = = =» 


|! Plan and Control I 


Production | 
—for greater speed І 


and efficiency 


This guide brings you tested 
and improved methods of rout- 
ing, scheduling, dispatching, 
inspecting, following-up. 


PRODUCTION 
CONTROL 


By L. L. Bethel, W. L. Tann, 


F. S. Atwater and E. E. Rung 
Second Edition, 284 pp., illustrated, $3.75 


You can get greater volume at lower cost 
with these successful methods of production 
planning and control. This guide book helps 
you handle more effectively your everyday 
problems of routing, — ing, dispatehing. 
inspecting, and followin Based on prac- 
tical experience, it re bete current factory 
methods in more than 185 representative com- 
panies in all types of industries. 


It brings you the — behind improved 
control systems . . . hundreds of techniques 
= actual industrial canes. Operation an- 

АНЫ coste—preparing a master‏ ا ا ا 

edule—transiating orders into production— 
following-up — in tion — record keeping — 
these and scores of other planning and centro! 
methods are analyzed and evaluated. 





Gives you up-to-the-minute guidance en: 


Forecasting of sales and production volume— 
contro! of inventories and costse—methods of 
classification and identification—master route 
carde—keeping stores recorde—what “control” 
means to the plant organization—and methods 
of expense distribution. Put this handy tome 
to work on your production line . . . to help 
locate problem-areas and develop a sound sys 
tem of controls for your plant. 


Check these 15 “how-to” chapters: 
- The Concept of 


I 

5 for 

Contre! 

. Production 
Forecasting 
Product 


1 
2 
3 
4 
È Prod 
7. 


10 DAYS FREE EXAMINATION 


ч снн D шш ш пш ‘M 
MeGRAW-HILL BOOK 
sse w. nd BRO NT Ү. 


Please send me а copy of Bethel's PRODUCTION 
CONTROL for" 10 days’ examination on approval 
In 10 days I will remit $3.75, plus & few cents 
postage. or return book postpaid 


City and State 
Company 


Position ee 

2270. We pay postage and packing charges 
cash with your 

privilege: 
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Examples of 
SPLIT MOTION 


... in which one are | 
motion is splitinto two 
opposing arc motions. 


v 


If it needs to behave like à latch, a lock, or a linkage... 


we can create it... mass produce it... with STAMPINGS! 


Our specialty is designing and producing your product has formerly required 
sure-acting mechanical devices that 'machining-accuracy", our mass- 
initiate a force or motion, transmit it, production stamping and assembly 
control it or check it. techniques may make big cost reduc- 
Furthermore, through the develop- tions possible. Our 
ment of modern manufacturing tech- new booklet, ‘‘We 
niques, we can build precision motion- Make Motions’’, 
devices by stamping ...assemble them explains our facili- 
by welding or riveting . . . to keep the ties further. We'll be 
cost unusually low. glad to send you a 
If the type of motion used in copy upon request. 


THE MARK OF A 
SUPERIOR PRODUCT 2 DEPT.D, GENERAL OFFICES: 2130 WEST 110 STREET + CLEVELAND 2, OHIO 


WE MAKE MOTIONS 


- 
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FINNED TUBING 


sy BUSH 


Here is the modern answer to 
your every heat transfer engi- 
neering problem . . - the most 
efficient and economical de- 
velopment in heating and cool- 
ing design. Let Bush expert 
engineers . - - backed by more 
than forty years of experience 
in this highly specialized field 


. in one of the largest and 


most up-to-date factories in the 
industry . - - and in conveni- 
ently located field offices . - - 
consult with you in the selec- 
tion and application of the type 
of Bush Finned Tubing exactly 
suited to your particular re- 
quirements. 

Write today for Bush FINNED 

TUBING SPECIFICATION SHEETS. 


Address Dept. F8 
west HARTFORD 10, CONN. 


Buy the Best-and the Best is Bush 


PRODUCTION ECONOMY 


— € = like this with DRIV-LOK 
— —т i i 
through collar and Б" m 
in the pin. No reaming or staking 

necessary. Vibration proof. 

DRIV-LCK Pins are used in man 

industries for countless sien 

tions. Made in many types and 

sizes to fit your needs. Write 

for CATALOG showing sizes 

and applications. 


DRIV-LOK PIN COMPANY 


723 Chauncey Street, Sycamore, Illinois 


> 1 4 
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Photo Courtesy The Electric Spravit Co. 


from HEDGES 


to WHISKERS 


Photo Courtesy Remington Rand, Inc. 
Рат чы. ғ - vm 


The TRIMZIT Electric Hedge Trimmer, manufac- 
tured by The Electric Sprayit Company of Sheboygan, 
Wisconsin was designed with the help of a G- R STROBOTAC. 
The hedge and lawn trimmer has reciprocating cutting blades. The 
STROBOTAC enabled the research department of the company to 
obtain operating analyses of the exact characteristics of movement of the 
cutters . . . merely by pointing the STROBOTAC's beam at the blades 
and turning the control knob until the blades appeared to move in 
slow motion. 

It would have been extremely difficult, if not impossible, to 

analyze this motion without the aid of the STROBOTAC. 
The Electric Sprayit Company also use the STROBOTAC 
regularly on its production line to give the trimmers a final speed check. 
STROBOTAC® Hundreds of manufacturers are becoming aware of the unique 


possibilities offered by the STROBOTAC in getting real assistance not 
Direct -Reading Speed Range: from 600 to 14,400 per ч 


minute — stops motion from 100 to 100,000 rpm only in research, design, production and maintenance, but also in sales 
Flash Duration: between 5 and 10 millionths of a second 
Power Source: any 115 volt, 60 cycle a-c line 
Power Input: 25 watts We'd like to tell you more. Just write for your copy of 
Dimensions: 7% x 8% x 9% inches Weight: 9% Ibs. 


Price: $140.00 EYES FOR INDUSTRY, without obligation of course. 


Type 631-B 


demonstrations. 


90 West St.. New York 6 920 S. Michigan 


GENERAL RADIO COMPANY 5: ®% 


Chicago 5 1000 N. Seward St., Los 
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How one Pittsburgh Brush* 


POLISHES 
10,000 HEATING 


X An actual case history 
from The Edwin L. Wiegand Company, 
producers of CHROMALOX Heating Units. 


HEN this company needed a way to take the 

ragged edges off heating units economically 
and fast, they turned to sturdy, tough Pittsburgh 
Brushes for the answer. The 6” Pittsburgh steel wire 
brushes like that shown above polish 10,000 heat- 
ing units during their life. 


LET PITTSBURGH ENGINEERS 
SOLVE YOUR BRUSH PROBLEMS 
Pittsburgh’s complete line of brushes D 
of every type, for every purpose, will / 2" zo 

provide a practical, economical solu- | 
tion of any brush problem you might رت‎ 
have. Drop us a line on your company 
letterhead for a copy of our new booklet that 
shows, through actual case histories, how Pittsburgh 
can help cut your brushing operation costs. Address: 
PITTSBURGH PLATE GLASS COMPANY, Brush Div., 
Dept. W2, 3221 Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 


Ferec Dite BRUSHES 


BRUSHES * PAINT * GLASS * PLASTICS 


ОР ras 


62 Years Ago KOH-I-NOOR 


made the FIRST Drawing Pencil . . . in 17 
DEGREES, 6B to 9H. Since that time no 
other pencils have approached Koh-l-Noor's 
Record for Unfailing Uniform Performance. 


No Matter What Your Requirements . . . 


you will find a KOH-I-NOOR 
Product to satisfy you completely 


NOW 
Available... 


31600 KOH-I-NOOR 
PolycolorPencils 
with IMPORTED Leads 


in 67 colors 


The RIGHT pencil for the RIGHT 


ay ee eee ce ee 
SPEED CHANGERS 


(ACTUAL SIZE!) 


OVER 500 DIFFERENT 
STANDARD RATIOS! 


€ Only 1.050" diameter; overall lengths 
from 3 3/16" to 4 13/16"! 

€ Ratios from 10:9 to 3,375:1 standard! 
Higher ratios available promptly. 

€ Transmit power either way up to 
100:1 ratios! 

@ Concentric, ball-bearing input and 
output shafts; hardened steel spur 
gears; permanent lubrication 

@ SPEEDS up to 20,000 RPM on out- 
put shaft 

+ TORQL ES to 2 Ib.-in. on low speed 
shaft. 


METRON INSTRUMENT COMPANY 
444 Lincoln Street Denver 3, Colorado 


— MAKERS OF INSTRUMENT 
FOR PRECISION MEASUREMENT 
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“Haynes” and "Haynes Stellite” are trade-marks of Union Carbide and Carbon Corporation. 


Propuctr ENGINEERING 


sy HAYNES 


Trade-Mark 


he pressure plate on this movie projector was 
formerly a chrome-plated zinc die casting. By 
switching over to HAYNES investment-cast parts, 
the manufacturer* realized a saving of over 40 
per cent in fabrication costs. He also increased th 
overall quality of his machine. 

Chrome-plated parts often had to be replaced be- 
cause they became worn by the abrasive action of 
the motion picture film. Now that the plates are 
investment-cast from Haynes STELLITE alloy, how- 
ever, they are expected to require less service or 
attention than any other part of the projector. 

You will find that precision-investment casting 


is often the answer to difficult design and produc- 


*Movie-Mite Corporation, Kansas City, Missouri 


HAYNES 


af 


TRADE-MARK raf 


fý Le i 
4^ Aint 
v" 


Fesruary, 1951 
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COST OF THIS PART REDUCED 40% 


Precision-Investment Casting 


tion problems, for it makes possible rapid, accurate 
production of even the most intricate parts. Also, 
it is not restricted to easily machinable allovs. The 
process eliminates waste of expensive materials in 
machining, since close dimensional tolerances are 
held and as-cast surfaces are exceptionally smooth. 
The investment castings are sound and dense, and 
they are relatively free from internal stresses 
because they are slowly cooled in preheated molds. 

Our engineers will be glad to help you determine 
where investment-cast parts can be used in your 
equipment. Contact our nearest district office for 
on-the-job help. Ask for a copy of the 20-page 


booklet, “Haynes Precision Castings.” 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 
General Offices and Works, Kokomo, Indiana 
Sales Offices 


Los Angeles — New York — San Francisco — Tulsa 


5 
. 





FRICTION PROBLEM? 
There is a 


NICE answer! 


FROM high quality, 
141 


ГТ T 
п 
кА close tolerance "ground 


BEARING eon 
(COMPOSITION all over" Precision Ball 


SEALED) 1 
; Bearings 


TO low cost ''un- 


ground" Ball Bearings 


of inexpensive design 


and construction. 


Have you any Ball Bearing 
requirements on which we 
may quote? For complete 
information on the Nice Line 
write for Catalog No. 140. 
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BONDERITE PRESERVES APPEARANCE 


[1] By anchoring paint 
ө By retarding rust and corrosion 


ay By preventing spread of paint failure around 
accidental damage 


High eye-appeal products — products that 
sell and stay sold on beauty as well as 
performance — depend on the appearance 


oud protection of Bonderite. 


OF YOUR PRODUCT'S APPEARANCE? This simple, adaptable, dependable treat- 


me ч | ; ment produces a nonmetallic, corrosion- 
Give its fine paint finish the protection 


it deserves! Find out how Bonderite resistant coating that is a perfect base for 
will fit into your plant. Write for full paint. Its first cost is low, its results are 
information. sure and lasting. 


Bonderite under the paint makes paint fin- 
ishes look better longer! 


Bonderite, Parco, Parco Lubrite—Reg. U.S. Pat. Off. 


222 PARKER RUST PROOF COMPANY — Р 
; 2179 East Milwaukee Ave. “ 
Detroit 11, мок ‘gan 


* 4 


а ИИТ: б a í х ЕЁ $e xd 
BONDERITE— -Corrosion Resistant Paint E . + PARCO COMPOUND — Rust чуи PARGO LUBRITE Near Resistant for Friction Surfaces 
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grafts" an insulating “skin on metal 


Here is another example of the practical imagination C-D engineers can put to 
work to solve your problems. In this case a heavy electrical connector had to be 


covered with a safe, efficient insulation. The material best suited to do the job 
was C-D Dilecto. 


The next requirement was to make this insulation an integral part of the 
whole piece. Here is where practical imagination went to work. The solution 
was to laminate and mold the Dilecto directly on the metal bar. 


When you have a problem involving plastics— whether it is simple or com- 
plex— be sure to check with C-D engineers for a practical, unbiased recom- 
mendation. They can choose the material best suited to your needs from a wide 
range of grades of five basic plastics to give you any combination of mechanical, 
electrical or chemical characteristics. A call to your nearest C-D office will 
bring you this kind of help any time—all the time. 


DILECTO (Laminated Thermosetting Plastic) 
ducing better Prog CELORON (Molded High-Strength Plastic) 
0 Ucp, DIAMOND FIBRE (Vulcanized Fibre) 
$ VULCOID (Resin Impregnated Fibre) 
MICABOND (Bonded Mica Splittings) 


~ YOur partner \® * 


DE.1.* 


BRANCH OFFICES. NEW YORK 17 • CLEVELAND 14 * CHICAGO 11 • SPARTANBURG, S. C e SALES OFFICES IN PRINCIPAL CITIES. 
WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 . IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8 


L . 
IU, TT) FIBRE COMPANY 


ОО ee ee 
Established 1895 . . Manufacturers of Laminated Plastics since 191I—NEWARK 40 » DELAWALNE 
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To be sold. 
at $9 600,000 per ton! 


@ $9,600,000 a ton isn’t hay. Yet 
it is a reasonable price for 2" O.D. 
tubing after it has been drawn 
down to a diameter less than that 
of human hair. 

We believe we can supply vou 
with small tubing— normally .010 
to .625" O.D.—in more sizes, 
analvses, and forms (either Seam- 
less or WELDRAWN?*) than any 
other manufacturer. In brighter 
finishes. To closer tolerances. And 
with uniformity. 

Our service, because of our 
scope, permits recommendations 


without bias .. . offers know-how, 


facilities and equipment only pos- 
sible because of superior concentra- 
tion on small tubing—technology 
in tubing. 

You also have a time advantage 
in dealing with Superior— with dis- 
tributor warehouse stocks in 55 
locations throughout U. S. and 
Canada. These distributors offer 
not only availability, but helpful 
engineering service. Should you 
stump them—we're ready to jump 
in at any time to help. Let us send 
you our Bulletin 31. Superior Tube 
Company, 2012 Germantown Ave- 
nue, Norristown, Pennsylvania. 


Which Is The Better For Your Product... 


SEAMLESS...? The finest tubes 
that can be made. In all O.D.’s from 
134” and lower. Excellent for forming, 
bending, machining. etc. carbon, alloy, 
stainless, non-ferrous and glass 
sealing alloys. 


Or WELDRAWN*...? Welded and 
drawn from  bright-annealed, cold 
rolled strip. Economical. Available in 
stainless, non-ferrous and glass sealing 
alloys, but not in as wide a range of 
sizes as seamless. 


Routine tests are made to determine the 
carbon content of both raw material and 
finished tube. No effort has been spared to 
produce the highest quality small tubing. 


Bright annealing and heat treating fur- 
naces, with instrumentation for control, 
assure uniform structure, à « lean smooth 


surface and precise temper tolerances. 


Final Inspection where each finished length 
of tubing is inspec ted for outside and 
inside finish, size and straightness. 


4 etl” 


All analyses .010" to №” Ор. 
Certain analyses (.035" max. wall) Up«to I&'' O.D. 


"Reg. U. S. Trademark — Superior Tube Company * West Coost: PACIFIC TUBE COMPANY, 5710 Smithwoy St., Los Angeles 22, Cal. * ANgelus 2-2151 
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SHOWN 
22× 
ACTUAL SIZE 


This is a steel terminal for radar equipment. 
How would you form the lugs under the 
head? 

HOW MANY OPERATIONS? 

HOW MANY PARTS? 

Scovill cold-headed this terminal in just 
one single piece, to close tolerances and 
with minimum raw material. 

If you have a problem along these lines, 
let Scovill help you. Let our skilled design- 
ers, toolmakers, and operators make your 
“tough” cold heading job easy. 

Send us your sample or blueprint. You 
will receive our prompt attention. 


= HEADING 


"Guide to the Profitable 
Use of Cold Heading” 

— Bulletin No. 2 describes 
the advantages and 
limitations of this process 
for the designer. It's 

free for the asking. 


RECESSED MEAD SCREWS + SEMS + TAPPING SCREWS 
STANDARD MACHINE SCREWS + SPECIAL COLD HEADED PARIS 


УИ, 


INDUSTRIAL FASTENER SALES, WATERVILLE DIVISION 
SCOVILL MANUFACTURING CO., WATERVILLE 14, CONN 
Montclair, N.J. + Detroit + Wheaton, II! » Los Angeles * Cleveland « San Francisco 
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FASTENERS AND 
SPECIAL PARTS 


51 Catalog 


Complete specifications on 
more than 70 different types 
and sizes of miniature ball 
bearings — for precision 
mechanisms presenting anti-friction, light weight, high load capa- 


city, and other unusual conditions. 


This new and expanded catalog contains complete and valuable 
information, including most recent developments on weights, loads, 
design data, opplications and special bearings. Send for yov 


copy today — ask for Catalog PE 51. 


Miniarunt /7ccision BEARINGS 


INCORPORATED 
KEENE, NEW HAMPSHIRE 
“Suppliers to the World's Foremost Instrument Manufactures: 


THREE WAY—Twe Position — Normally Closed 
—Normally Open—Directional Flew 
TWO WAY—Normally Closed and TWO WAY—WNormally Open 


SK Skinner Solenoid Valves are only 2%” high x 1%” dia., yet have 
large capacity within a standard range of 5 to 250 p.s.i. or special from 
5 to 850 p.s.i. Progressive designers will like the accurate, long-lived, 
positive action, whether used for liquid or gaseous media. Skinner 
Valves have soft insert seats to prevent leakage— spring loaded for 
positive action — power consumption of 10 watts max.— usable in any 
position—pipe connections to suit your specifications—special coils for 
high humidity or high temperature applications can be supplied. 
Standard models approved by Underwriters' Laboratories. 


Write for Bulletin No. 501 


OO MR VALVE DIV. 


THE SKINNER CHUCK COMPANY 
132 Belden Ave., Norwalk, Conn. 
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NOT A LAMINATE, 


THIS is a plastic 
molding compound! 


It is one of the FIBERLOYS by Rogers. Ten years ago, Henry 
Ford made part of a car body from it. Build a big enough press, 
and you can make entire car bodies from it. Today it is specified 
in certain military contracts. Tomorrow, we'd like to create a 


variation of it to meet your special requirements. 


PLASTICS by Rogers are special purpose, 
impact phenolics. They include the only 
molding compounds produced in sheets 
They provide the most efficient, least ex- 
pensive method of using high impact 
molding materials. Some are furnished in 
bulk form for molding. Some are special 
purpose laminates 


OTHER FIBERLOYS include the exciting 
new DUROIDS. These are special for- 


mulations developed to supply specific 
mechanical and chemical characteristics 
The DUROIDS blanket the range of 
materials properties from laminated plas- 
tics, down through vulcanized fibre to 
paperboard 


USING FIBERLOYS results in better parts 
for better products. Many of them are 
fabricated to customer specifications by 
Rogers’ Fabricating Division. 


| 


ROGERS 


CORPORATION 


Established in 1832 


AN ENTERTAINING BOOKLET — “Here's Rogers and its Fiberloys" will help you decide whether you have 
a place for the FIBERLOYS. Please write for it, to Dept. E, Rogers Corporation, Manchester, Connecticut. 


PRODUCT ENGINEERING — FEBRUARY, 1951 





CUT AWAY TO 
SHOW DETAIL 
OF FORM 


used to form th 


These fabricatee to prime con- 


tractors who then just 0 tg the length 
of the tube, face to lem Ec 


We are equipped fo fabricate these blanks Ө ot Er metal besides 
brass. Я 

We invite prime contractors to give consideration to the many 
advantages presented by this fast, efficient, accurate process used for 
forming products of this type out of Wolverine seamless tube. 

Our Customer Engineering Service will be glad to give you any 
assistance you may require in setting up the production of essential 


parts requiring ends that must be entirely or partially closed. 


Tm WOLVERINE TUBE DIVISION 


Calumet & Hecla Consolidated Copper Company 


INCORPORATED 
Manvfacturers of seamless non-ferrous tubing 


1415 CENTRAL AVENUE * DETROIT 9, MICHIGAN 


PLANTS IN DETROIT AND DECATUR, ALA. 
Sales Offices in Principal Cities 
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FOREMOST IN 
SCIENTIFIC DEVELOPMENT 


РИЛА 
DESIGN AND THE DEVELOPMENT 


OF PROPER GRAIN-FLOW, WYMAN- 


GORDON HAS ORIGINATED MANY 
FORGING DESIGNS WHICH AT THE 
TIME OF THEIR DEVELOPMENT 
WERE CONSIDERED IMPOSSIBLE 
TO PRODUCE BY FORGING. 


WYMAN-GORDON 


ESTABLISHED 1883 
FORGINGS OF ALUMINUM * MAGNESIUM © STEEL 


WORCESTER, MASSACHUSETTS 


HARVEY; ILLINOIS DETROIT, MICHIGAN 
* * 
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ГЕ ГҮГҮГЕ 
ТЕГЕГЕГЕГ 
IMIMIMIN 


Full size photograph of 
RIGIDIZED METALS 
Pottern 6-WL 


Freight containers used by the Missouri Pacific Railroad for L/C/L 
shipments have greatly reduced transportation costs by cutting 
weight more than 50% and lessening damage claims. Made of 
RIGIDIZED METALS, Missouri Pacific freight containers conserve 
critical material and increase payloads. The versatility and dura- 
bility of RIGIDIZED METALS mean easier fabrication, 
for equipment constructed from these textured metals. 
product RIGIDIZED METALS the entire 
manufacturing field and possible applications are limitless. It will 
pay to investigate the ways RIGIDIZED METALS can cut your costs 
reduce dead weight. 


longer life 


Successful 


applications of include 


Send copy of 
Rigidized Metals IDEA Handbook 


for your 


Farr Company Engineers offer 
complete laboratory services 
to bring you better air filtration 


Your air conditioning system de 
serves the best in air filters and stand- 
ard FAR-AIR® filters will meet most 
of your requirements. However, if 
you are faced with unusual dust con- 
ditions, Farr Company's modern, well- 
equipped laboratory will help you 
select the proper type of filter to meet 
your particular problem. 


These laboratory facilities are also 
used to constantly improve the FAR- 
AIR line to assure you of getting the 
very best air filtration when you in 


stall FAR-AIR products 


Send in your air filtering problem 
today or write for information on the 
complete FAR-AIR line 


Typical users of FAR-AIR equipment 
include: 


Thomas A. Edison Co. 
W. K. Kellogg Co. 
Lever Bros. Co. 
Pillsbury Mills, Inc. 
Swift & Co. 


FAR-AIR FILTERS 
TT *Trade Mark Reg 

“Better by Jar” 
FARR COMPANY 


co 
Wanupacturing КЕ 


Los Angeles ° -— + New York 


Mi 
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if your 
reputation 


A furnace blower's good name is like an orchid. It 
thrives on warm air. In fact a blower must deliver 
warm comfort all winter, reliably and without fail, at 
your customer's command. That's why so many 
blower manufacturers power their products with 
Hoover Motors! 


Hoover Furnace Blower Motors avail- 
able in ratings of % HP through 4 HP 
split-phase, and “4 HP through % HP 
capacitor-start. All feature 1725 RPM 
speed; all are equipped with an auto- 
matic thermo protector, Gits oilers and 
a resilient base. Built to meet NEMA 
mounting standards. Approved by Un- 


derwriters' Laboratories. 
Write today for complete informa- 


tion—on furnace blower motors or on 


motors built for other purposes. 


THE HOOVER COMPANY 
Kingston-Conley Division 
68 Brook Avenue 
North Plainfield, New Jersey 


1 
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Hoover furnace blower motors give smooth, quiet, 
dependable service. They're dripproof, equipped with 
automatic thermal protection, designed for a 40°C 
temperature rise. They're built like motors costing 
far, far more 


They come in different HP ratings, both split-phase 
and capacitor-start, so there's sure to be a Hoover 
Motor to fit your furnace blower. For that matter, if 
you make ANY motor-powered equipment, there's 
undoubtedly a Hoover Motor to meet your needs and 
help YOUR reputation grow! 





Sure Cure fr the Shakes!) Syn 


Any product that operates | Кеер а {алК пот 
under conditions of severe 2 EXPLODING . 


| 


vibration should be assembled with | 


BRISTOL'S fr ке 
Multiple-Spline Socket Screws К 560 


is all-important 


Thal is why long hours of research 
are conducted in the cASH-ACME 
determine 


Engineering Laboratory to 
the BEST installation for relief 
valves. Each cASH-ACMe Relief 
Valve you buy, comes with complete 
INSTALLATION INSTRUCTIONS 
based on the findings of this lab- 
oratory. Follow them closely to 
7, make sure that YOUR installations 
caSH-ACM, Are ће besl. 


Relief Valve. 
A. 6. A.. and 


Underwriters’ a} + 
Seld ONLY through Plumbing approved. € fer your tree copy of eer new 
and Heating Wholesalers. 


a 1951 Catalog for complete details on 
See them... ай и CASH-ACME Products, 


ACM Automatic Valves 


A.W.CASH VALVE MANUFACTURING CORPORATION 


4 The exclusive multiple- 
mA spline socket permits 
tightening much further | 
than any other screw. The spline | 
recess turns internal wrenching 
force into rotary motion, not expand- 
ing pressure. Hence, no bursting, no 
rounding out of the socket walls— 
even in the smallest sizes (down to 
No. 0 wire). Holding power is 
maximum... yet a reverse flick of 


the wrench loosens the set — р be E ж | S | О М 


with no spoiled screws. ^ A 1 К 


CHROME ALLOY + STAINLESS STEEL 
BRONZE « MONEL « K-MONEL ° ALUMINUM 
PLASTICS + COPPER “+ GLASS + DRILLED uM 


SEND COUPON FOR FREE SAMPLES —also helpful bulletins on de- " 
signing compact, tight assemblies Precision balls for every industrial € 


requirement. Made in many different ma 

THE BRISTOL COMPANY | terials. Send your specifications for 

Mill Supply Division 

121 Bristol Road, Waterbury 20, Conn. recommendations from our Engineering 

Please send me free sample of Bristol’s Multiple Spline кнн 

Screw and bulletins showing applications to: | ا‎ 

NAME 

COMPANY 

ADDRESS f THE HARTFORD STEEL BALL CO. 

CITY ZONE STATE HARTFORD, CONN 

Screw Sizes NEWARK. N J OFFICE EXPORT OFFICE. NEW YORK MICAGO OFF 

Our problem is mainly VIBRATION [7] MARKET 169 PHONE — PENNSYLVANIA & 2078 FRANKLIN 
COMPACT DESIGN [jJ FREQUENT TAKE-APART [] 5 к 
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Weld Sheet Steel 
with the 


HELIARC torch mem. 


and wipe out one complete operation 


There is no spatter or flux, so you save cleaning costs when 
you switch to the HELIARC process for welding sheet steel. 
And you keep the advantages of high speed. and minimum 
distortion that are characteristic of are welding. Any manual 
arc or gas welding operator finds welding with a HELIAR« 
torch easy to master. 

Porosity -free welds in killed low-carbon steel up to ! 4 in. 
thick can be made with this process. In non-killed grades, 
welds are as nearly gas free as can be produced by any welding 


process. Argon-shielding prevents pick-up of atmospheric 


AS WELDED — This photograph, unretouched and natural size, 


gases, No argon is dissolved in the weld. 
shows that H &riaRc welds in sheet steel are clean and uniform. 


Joints welded with the HErranc torch will not show under 
paint, lacquer, or even vitreous enamel finish. It takes only 
a light grinding to remove the low, smooth ripple and make 
the bead flush with the surface. 

Get more information on this fast, clean, welding process 
from any LINDE office. Let us show you how it can improve 
your product and cut your costs. Just fill in the coupon. 


The terms Linde" and “Weliare”” are registered trade-marks 


of Union Carbide and Carbon Corporation. 


LINDE AIR PRODUCTS 
A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street, New York 17, N. Y. 
LINDE AIR PRODUCTS 


Gentlemen: We would like more information on weldi heet 
A Division of Union Carbide and Carbon Corporation ee 


30 East 42nd Street [IE New York 17, N. Y steel with the Heuarc torch. We manufacture 


Offices in Other Principal Cities 


Thickness 
In Conado: 


L1) now using inert gas-shielded welding 
DOMINION OXYGEN COMPANY, LIMITED, Toronto 


. Position. ... 
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MEGILU MLLTIRDL' Bearing 


аады 


CYR Series 


D 


~ 
Ж 
i CX 


/ 


Compared with friction hampered plain bearings 

M*GILL MULTIROL full type roller bearings resist wear because of their easily 
lubricated roller line contact with raceways. Longer life and greater 

efficiency is the natural result of the constant precision maintained in the bearing. 
Lubrication is simplified and required much less frequently. Maintenance is free 
of costly down time for periodical adjustments and bearing replacement. 
MULTIROL bearings are your assurance of adding these advantages 

to the operation of your machinery. Millions in service to date prove such exclusive 
features as one piece outer race and roller retaining end shoulders and 

lubrication reservoirs above roller ends in the SE Series. CF and CYR Series 
have thick outer race sections for heavy shock load in cam action applications. 
Mounting is possible with or without stud. 

Write today for Bulletins on all MULTIROL Bearing series. 


à o., INC 
FACTURING C 
d VALPARAISO, INDIANA 


S YETTE ST. 
BEARING DIVISION, 201 N LAFA 
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There is a difference in bellows... 


however, is in the actual use of CMH bellows 
and we urge you to find out what a great 


difference there can be. 


Even though two supposedly identical 
bellows made by different manufacturers may 
look alike, there can be a vast difference .. . 
and this difference can have an important 
effect on your costs and the performance of 
your product. The variation often results from 
the care and skill with which the bellows 
are made. At CMH skilled personnel and 
advanced manufacturing techniques are com- 
bined to produce good bellows that outper- 
form and outlast ordinary bellows. The proof, 


Whatever your bellows or bellows assem- 
bly requirements in stainless steel, brass or 
other alloys, it will pay you to consider CMH. 
For specific recommendations send details 


of your application. 


Illustrated above are 5" CMH stainless steel 
bellows. 


CHICAGO METAL HOSE Corporation 


1351 S. Third Avenue * Maywood, Illinois * Plants at Maywood, Elgin and Rock Falls, Ill. 
In Canada: Canadian Metal Hose Co., Ltd., Brampton, Ont. 


Flexon identifies EI 
CMM products that 
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Delta Tools | 
get Dependable Power 


For a number of 

years Electro 

Machines has 

furnished many of 

the electric motors 

used to operate the 
world famous line of 
Delta power tools, sold 
by the Delta Power Tool 
Division of the Rockwell 
Manufacturing Company. 





< . e 
A Doerr motor is р. | { ‚ {ор precision 
shown here in a typical ^r O1 | p 
application on a 17" Delta Production to close im ot ET 
Drill Press, well known for roduc © rking. Dut * 
top performance and reliability. Б, - os Felt ее 
í chnique 9 “te 4 nviable 
н I а processing has pare an env 
achines, - ы ә r snemee 
standard equipment by many — reputation fot specifications mu 
of the foremost machinery | Chemics parts from wool 
manufacturers. The advantages Iness are cut to close 
of using this reliable product 
deserve your 
investigation. 


ing precision. 
st be 
soft- 
perfectly met — 
`SS rock hart 
B As an extreme 


tolerances. » 
material We 
flexible, compre 


tern Felts are resilient, 


«sible. They resist = 

> ay 

- heat age — do not rave e. E 

саи a йк. New uses found « aily. 
iet nd on Western Felt. 


ses for Your Product 
dust e Retaining lubricants 
ating vibration 
seals 


or lose 
It pays to depe 


Check Possible у 


i i it 
Excluding dirt, grit | - 
d femen insulation * 150 


e Cushioning s ock * Padding. pac ing, 
e Air and liquid filters * Gaskets, chonnels, etc. 


ight reduction 
e Grinding, polishing, e Weig 


nt mounts 


etc. 


e Instrume 


NORTH THIRD STREET 


FROM 1/20 4 CEDARBURG, WISCONSIN | WESTERN t 
ae! ELECTRO E АМ 


m ACH | nes in ( Lergest independent Manufacturers and Cutters of Wool, Hair and Jute Felts 
Standard or De- 
signed to Your Acadia Synthetic Products Division, WESTERN FELT WORKS, 
Specifications Processors of Synthetic Rubbers — Sheets, Extrusions, Molded Parts. 
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1900 * THE MIRACLE OF AMERICA * 1950 


It's no stretch of the imagination, rather, robust realism to call our past half 
century a Miracle — U. S. A. 

America has set an amazing record of progress in 50 years — but a moment in 
the history of civilization. A record unequalled by any other political or economic 
system. 

Merely by broad brush strokes, we can all visualize this miracle. Remember the 
crystal set, the hand-cranked car, tne biplane? A far cry from our FM radio, tele- 
vision, hydro-matic drive and supersonic planes. 

And here’s another phase of the miracle that went hand-in-hand with these and 
the myriad of intertwined technological advances — ranging from the radio telephone 
and Bakelite to the X-ray tube and teletype . . . and to atomic energy and its un- 
told potentialities, 


** Since 1900 we have increased our supply of machine power 4% times. 


Ж Since 1900 we have more than doubled the output each of us produces for 
every hour we work. 


7€ Since 1900 we have increased our anaual income from less than $2400 per 
household to about $4000 (in dollars of the same purchasing power), yet... 


*K Since 1900 we have cut 18 hours from our average work week —equivalent to 
two present average workdays. 


How did we do it? The basic cause for this composite miracle has been the 
release of human energy through FREEDOM, COMPETITION and OPPORTU- 
NITY. And one of the most important results is the fact that more people are able 
to enjoy the products of this free energy than in any other system the world has 
ever known. 


THIS IS THE MIRACLE OF AMERICA . .. it’s only beginning to unfold. 


Published in the public interest by: 


McGRAW-HILL PUBLICATIONS 
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For Drawings That Wont 
Get ‘EDGY’ With Age... 


Specify Arkwright Tracing Cloth! Then you can be 
sure that no matter how often a master drawing is 
yanked out of the cabinet, it will never become 
ripped, or paper-frayed around the edges to spoil 
your work. 

Arkwright Tracing Cloth is the best insurance 
you can get that your drawings will never go 
brittle, discolor or become opaque with age. Best 
insurance, too, that original drawings are always 
sharp, clean and ghost-free. Erasures on Arkwright 
cloth re-ink without feathering. And every roll is 
carefully inspected for pinholes, thick threads or 
imperfections of any kind. 

All good reasons for you to remember: if a 
drawing is worth saving, put it on Arkwright Trac- 
ing Cloth. Would you like a sample? ‘Write Ark- 
wright Finishing Company, Providence, R. I. 





saves assembly time - machining - parts - space + weight 


SPIROLOX Retaining Rings posi- 
tion and lock all kinds of moving 
parts. They make machines simpler, 
lighter, more compact. In many 
cases they eliminate costly machin- 
ing, as well as nuts, pins, keys and 
collars, formerly used in fastening 
These gapless, concentric rings 


spiral-in easily, save time in instal- 
lauon. They stay put, yet they come 
out again at the flip of a screw 
driver, ready for re-use ...no special 
tools are required! They lock in the 
groove under thrust, will carry loads 
up to their full shear strength—will 
not squeeze out or pop out! 


SEND FOR TEST SAMPLES and DATA BULLETIN! 


Write: Ramsey 
Corporation, 
3767 Forest 
Park Bivd., 

$t. Lovis, Mo. 


see our 
CATALOG 


$WEET $ FiLE 
[PE TTE T 
See section 4K-R in the 


1951 Edition for further 
information on eur 


You can be sure if your products 
pass a vibration fatigue test—sub- 


IMPROVED 
/ PRODUCTS 


CAPACITY 100 LBS. 
Produces Vibrations 
Vertically. All Controls 
In Easy Reach. 


stantiates design and construction materials—frequently ex- 


poses excessive material. Many things can be learned from 


tests. A "must" for electronic, aircraft and automotive parts 
and assemblies. Hundreds in use. Models to handle parts 
from 10 Ibs. to 100 Ibs.—choice of vertical or horizontal table 
movement. Frequencies of 600 to 3,600 v.p.m. Special ma- 
chines to order. Catalog F contains treatise. 


Made by makers of ALL AMERICAN PRECISION 
DIE FILING MACHINES 


8 


ALL AMERICAN 


Tool & Manufacturing Co. 


1012 Fullerton Ave., 


Chicago 14, Ill. 
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O produce many thousands of cast bronze 
bearings day after day, to the uniformly high quality 
synonymous with the name Bunting requires precise 
foundry control. This control starts with the raw mate- 
rials necessary for production such as molding and 
core materials, core binders, fixed carbon fuel, pre- 
alloyed metal in ingot form purchased to Bunting's 
own rigid specifications, and virgin metals used for 
ladle additions to control metal composition. Then, too, 
melting and casting procedures are carefully con- 
trolled for the following reasons: 


@ >To keep gas absorption during melting to a mini- 
mum, thus assuring sound, gas-free castings. 


To effect complete deoxidation of the metal in the 
ladle before pouring. 


9 insure that each particular costing is poured at 
the precise metal temperature consistent with 
highest quality. 


Qo» insure that molding and core materials are so 
processed that the correct properties are obtained 
for good castings, and 


9» insure metal of uniform composition meeting 


the specification. 


Trained foundry and laboratory personnel are re- 
quired to carry on this exact control as well as chemi- 
cdl and metallurgical equipment of the latest design. 
Bunting has always taken pride in being the leading 
producer of bearing bronze of the highest quality and 
has the facilities to maintain this leadership. The 
Bunting Brass & Bronze Company, Toledo 9, Ohio. 
Branches in principal cities. 
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» .- PLASTIC FORMS 


„з 


i 


м 
~ * 
functional / оғ “fashion 


/ ` 


f 
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no matter the shape or size . . . from drawer handles 
to driving wheels . . . in plastics, from acetate 
through neillite to zyrox . . . by injection, 


compression or transfer molding . . . 


If your part comes from Watertown — It's got to be right 


Our equipment is up to the minute . . . 

Our laboratory is second to none... 

Since 1915 precise perfection in plastic parts 

has been our bread and butter . . . Why not benefit 
from those long 35 years of knowing how? 


Whether your job is simple 


or complex . . . won't you 
WATERTOWN MANUFACTURING COMPANY 
300 Echo Lake Road, Watertown, Connecticut. 


call on us? 


! RECENT BOOKS ! 


for the 
i Product Engineer : 


u æm um um wSce thema m um m d 


10 days FREE 


PROCESS ENGINEERING 


By William H. Schutt 
Wm. H. Schutt Associates, Detroit 


This book shows you how 
1. to establish the proper se- 

quence of operations and 
exact labor cost directly from 
the blueprint . . . how to deter- 
mine the quantity and cost of 
materials to be used . . . how 
to plan efficient tools, dies, jigs, 
and fixtures for economical pro- 
duction. Here's a money-saving 
book that eliminates guesswork 
in cost-estimating. 


308 pages, $4.50 


MACHINE DESIGN 


By Paul H. Black 


Prof. of Machine Design, 
Cornell University 


2 Here is a complete discussion of each phase 
* of machine designing, from the adaptability 
and selection of materials for the various 
machining processes to the elimination of vibration 
... . practical aids, hints and suggestions on every- 
thing from good form in making machine-design 
computations to detachable machine fastenings. 


Includes Full Treatment of Stress 
Concentration 


Making the book unique is the complete treatment 
it gives to stress concentration—its applicability— 
seriousness—mitigation—determination—and design 


application 
334 pages $5.00 


Engineering Applications of 
FLUID MECHANICS 


By J. C. Hunsaker, 
Dept. of Aeronautical Eng., M.LT. 


and B. G. Rightmire, 
Dept. of Mech. Eng., M.LT. 


Here is an unusually detailed book applying 
3. the important basic principles of fluid me- 
chanics to everyday problems. It makes use 
of advanced, improved methods to anal Drob- 
lems and equipment involved in fluid flow ° 
covers hydraulic circuits and servomechanisms. 
Here are diagrams, formulas and equations neces- 
sary for a complete understanding of fluid me- 
chanics . . . presented in easy-to-follow form for 
a quick understanding of the principles involved 


487 pages $6.00 


10 DAYS' FREE EXAMINATION 


MeGraw-Hill Book Co., Ine., 330 W. 42d St., NYC 18 ' 


Send me book(s) corresponding to the numbers ! 
encircled below for 10 days’ examination on e i 
ea In 10 days I will remit the price of 
k(s) I wish to keep, plus a few cents delivery i 
charge and return — — postpaid.* 
I 


Position ‘ А FPE-2-51 3 
* SAVE! We pay mailing costs If you send cash 
with this coupon, Same return privilege. 


г- === = = = = 
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For circuit 
requirements 


up to 5000 psi 


Highly efficient on both light aircraft and heavy industrial oils 


The extra efficiency of these high-pressure, high- 

volume pumps is the result of a full quarter 

century of specialized experience and pioneering 
research in oil hydraulics, on the part of Denison 
engineers. 

They have repeatedly stepped ahead of the field, 
packing higher speed and power potential into 
rugged, dependable pumps that have fewer parts, 

take less space, and are easier to install. 

By actual test, the exclusive axial-piston design of 
Denison HydrOILic Pumps provides volumetric effi- 
ciencies of 95 percent or more at operating pressures 

up to 5000 psi. Yet many of Denison’s 5000 psi pumps 
cost less than others of lower capacity, bringing extra 
value even for circuits using only a fraction of the 
pumps’ full effort. And their space-saving construction 
simplifies circuit designing, eliminates piping through 
subplate mounting, and lowers circuit costs. 

Users in every field have found that com parison quickly 
proves the many advantages of Denison Pumps. That is 
why, every year, more and more users insist on Denison 
Pumps for all types of circuit needs. Write today for full 


details on Denison’s complete line of HydrOILic Pumps. 


DENISON 
FELO) icr 


1951 
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High pressure-high volume performance 


Hydraulically balanced throughout—no 


thrust bearings © Simplified construction 


. .. fewer parts . . . longer life ^ Axial piston 
design for long, maintenance-free serv- 
ісе © Stem, handwheel and compensator 

volume control © For circuit require- 


ments up to 5000 psi Volume deliv- 
ery capacities up to 35 gpm  Con- 
stant and variable volume types 

Small, compact and rugged © Face, 


flange, or foot mounting 


The DENISON Engineering Company 


1157 Dublin Rd. Columbus 16, Ohio 
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BUTTONED 
OP TIGHT! 


LION Fasteners 


ARE THE ANSWER! 


Simple positive lock, maintains 
constant tension, can’t shake 
loose. Inexpensive to install 


Wherever parts or panels must be removed for inspection, 
repair, or maintenance—Lion Fasteners can simplify the job. 
The locking stud, fastened to one sheet, is easily inserted into 
the second sheet. A mere quarter twist, and the Lion Fastener 
is positively locked as simple as that! Lightweight and 
adaptable, they're built for years of hard wear. 

No bolts or nuts to fool with. All parts of the Lion Fastener 
are attached or self-contained. Nothing to get lost, no parts 
to remove. 

A cantilever spring maintains constant tension. This plus 
locking groove prevents any loosening of parts under heavy 
vibration. and widens industria! possibilities of the fastener. 

Stud is tested up to 1425 pounds and comes in various 
head-styles—flush, oval, notched, knurled, and others. Will 
button sheets .040 plus and .020 minus over or under stand- 
ard rating. 


FREE DEMONSTRATION KIT. See for yourself how the Lion 
Fastener can simplify your job, save you time and money 
Write today on your company letterhead for free demon- 


stration kit. 


FASTENERS, INC. | SEE IT TEN 


300 Moin $t., Honeoye Falls, N.Y. 


ICKER$ 


HYDRAULIC 
(OIL) 
CYLINDERS 


19$ 


А. а 


Modern in design and appear- 

MANY ance, Vickers Hydraulic Cyl- 

ADVANTAGES inders are built. for longer, more satis- 

factory service in oil hydraulic systems. 

Polished rods, honed cylinders and self- 

adjusting packing minimize friction. 

Universal mounting positions, “O” Ring 

MANY gaskets, piston rod wiper, multiple pip- 

ing positions are other features. Adjust- 

STYLES AND able integral cushions available in all 

SIZES types. There is a Vickers Cylinder for 
your job. 


VICKERS Incorporated 


Division of The Sperry Corporation 
1454 Oakman Blvd. * Detroit 32, Mich. 


4317 
v€*9090909090909000000000900900090999€9 


v€909099090€0€09€09€09090909099090999 .—— 


З 
SINCE 
1881 


PRECISION 


DROP FORGINGS 


...any size or shape up to 200 Ibs. 


DIVISION 
THE BINGHAM-HERBRAND, CORPORATION, FREMONT, OHIO 


MATHEMATICS for ENGINEERS 


By Raymond W. Dull 


THIS book gives you the mathematics you need in the form you need it. 

It is concise yet complete, a book for reference or study, as you wish, 
covering every phase of mathematics you are likely to from simple 
numeric computations, through integration and summation. lt is the kind 
of book that you will 

| use again and again poe re 


| for a long period of | McGraw-Hill Book Co., 330 W. 42 St, N. Y. 18 
pou 4 me Dull’s MATHEMATICS FOR ENGINEERS 


Sen 
iti for 10 days’ examination on approval. In 10 days 1 
— Edition, will send you $6.00, plus few cents for delivery, or 
pages, 


illustrated, 


| 

| 
$6.00 | Name 

| 

| 

| 

l 


return the book. (We pay for delivery if you remit with 
this coupon; same return privilege.) 


Address 
City . sone .. Zone ...Btate..... r 


DAYS FREE 
MAIL COUPON 


Company ... Position FPE-2-51 
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DEPENDABLE 


under severest 
conditions of 
dust and dirt! 


@ Even under layers of grime, dirt and abra- (four different types) to deliver a minimum 
sive dust encountered in many production of 30,000 hours uninterrupted service 
operations, the Dodge-Timken Type C bear- @ Dodge Timken Type C Pillow Blocks are 
ing carries its power load smoothly, effi- fully self-aligning, with both radial and 
ciently, without interruption—because it's thrust carrying capacity. 
@ Triple-sealed to prevent the entry of dust, @ Delivered fully assembled, adjusted and 
however fine. Accurately machined steel lubricated, ready to lock on shaft. Locking 
seals keep dirt out and lubricant in collars at both ends insure firm fastening. 
@ Dodge mounts, seals, houses Timken pre- @ Normally available from Dodge Distribu- 
cision bearing units in rugged assemblies tors' stocks, sizes from 1-7/16"'to 4-15/16"'. 


DODGE MANUFACTURING CORPORATION, 1200 Union Street, Mishawaka, Indiana 


< 
CALL THE TRANSMISSIONEER, 


«< your local Dodge Distribu- 
> tor.for assistance on new, 

FÀ cost-saving methods. Look 

a for his name under “Power 


Transmission Equipment” 
in classified phone book. 


of Mishawaka, Ind. 


V-BELTS AND TAPER-LOCK SHEAVES TORQUE ARM SPEED REDUCERS ROLLING GRIP AND DIAMOND D CLUTCHES SOLID STEEL CONVEYOR PULLEYS 


FOR YOUR NAME PLATE REQUIREMENTS, WRITE OUR SUBSIDIARY, 
CHICAGO THRIFT-ETCHING CORPORATION, 1555 SHEFFIELD AVENUE, CHICAGO, ILLINOIS 
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Superior Solenoid Performance 


KUNKLE SAFETY AND 
RELIEF VALVES 
IF SAFETY VALVE 


LEAKAGE 


IS YOUR 
PROBLEM 


«» . KUNKLE offers nylon 


and stainless steel equipped 


Patent SORENG TT Design 
Assures... 

€ More Power 

€ Dependable Operation 

Ф Long Service Life 


© Lowest Cost Per 
Work Unit 





air and gas valves 
LEAKPROOF at 93 to 96% 


of set pressures. 


Bronze, iron and steel. 
Wide range of pressures 
and temperatures. 


Write for Catalog and Capacity 
Data Covering Standard Items. 
Send Specifications and Inquiries 
For Special Assemblies to: 


;KUNKLE VALVE CO. 


117 SO. CLINTON $7, 
FORT WAYNE 2, INDIANA 


I solenoids, performance counts! That’s why so many 


of America’s largest manufacturers look to Soreng for 


all their needs. 


Outstanding advantages of Soreng's patented TT design are:— 


% More pull per unit volume. No power 
drop-off. 


3- Double shading coils to provide quiet 
operation and higher sealing pull with 
less heating. 


% Uniform performance characteristics over 
entire service life. 


% Exceptionally rugged construction. Built 
to outlast the devices on which they're 
used. 


% Lowest cost per work unit of any solenoid. 


WE 
PRACTICE 
WHAT WE 
PREACH 


In the four basic models, there’s a Soreng TT Solenoid 
to meet practically any requirement you might have 
regarding pull, stroke, size and current. Can be fur- 
nished for any a-c voltage—any frequency. Mount- 
ings and terminals to your specifications. 

To show you what superior solenoid performance 
really is, why not let us survey your requirements? 
The services of our engineers are yours without obli- 
gation. Or—write today for free copies of our solenoid f 


bulletins. Address Dept. N12. and saue $F in production! 


D 


America’s Largest Manufacturer of Solenoids 


9555 Eden Ave., Schiller Park, Ill 
Plants: Schiller Park, II 


Chicago Suburb 
Fremont, Ohio 


Concrete vibrator heads are subject 
to terrific tension load. Because of 
this, special precision grinding 
operations are necessary in their 
manufacture to insure that outside 
and inside diameter of casings are 
exactly concentric. By using a Stow 
Flexible Grinder in conjunction with 
another grinder, as shown in the 


illustration, Stow Manufacturing Co. 
saved 50% of the production time 
formerly required for this important 
operation 


Stow can save 
money for you, 
too. Write today 
for catalog and 
specific intorma- 
ton 


ТО) MANUFACTURING СО. 
ТО 426 State St., Binghamton, N. Y. 
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How to design more economical basic parts 
for quantity production—quicker 


Here is an outstanding handbook that provides you with tested rules to 


Check these topics, design con- 
siderations, and rules you can use 
to your advantage 


methods of producing die castings 
when to use die castings 


rules for designing parts for sand 


casting 

types of screw machines and effects 
on design 

how to minimize material costs for 
screw-machine products 

minimizing machine work 

reasons for choosing plastics over al- 
ternative products 

how to minimize material costs for 
screw-machine products 


molding methods and 


patterns for 
sand casting 


when molded plastics should be used 


location of parting and effect on de 
sign and appearance of plastic mold 
ings 

when to 
production 


design for screw-machine 


comparison of design and cost tac 
tors for die-casting and for screw 
machine products 


considerations in the design of cold- 
headed parts 

comparison of advantages and limita- 
tions of die-cast and molded-plastic 
parts 

press die-forging rules 

rules for designing die castings 
production considerations 


affecting 
design of impact extrusions 


Practical data on 7500 materials tion 
at your fingertips . . . in 


follow in designing parts for quick, economical mass production—and 


enables you to avoid the necessity for redesign. You'll find it packed with 


invaluable design pointers on materials, exact design considerations, actual 


advantages and drawbacks, various high-production processes and straight- 


forward rules to follow in designing basic parts for quantity production by 


stamping, sand casting, die casting, screw machine, die forging, heading 


or plastic molding processes. Complete explanations of high-production 


processes are given along with sound pointers on what to do and what to 


avoid in designing for each. 


New Second Edition 


HANDBOOK on DESIGNING 
for QUANTITY PRODUCTION 


By HERBERT CHASE 


564 pages, 417 illustrations, numerous tables and charts, $7.50 


Pur explanations of the various high-production processes 
are given along with a practical treatment of the design of 
basic parts for quantity production. The book gives many spe- 
cific rules, amply illustrated to show their applications in de- 
signing products that lend themselves to rapid, economical pro- 
duction. Part I of this revised second edition includes specific 
chapters devoted to the most important types of metal products. 
It covers the design of die-forged parts, die castings, permanent- 
mold castings, screw-machine products, stampings, plastic mold- 
ings, and many other metal products. Added chapters take up 
wire forms, permanent-mold castings, impact extrusions, and 
sintered endet compacts. a 
In Part II various types of products manufactured in quantities 
at moderate or minimum cost are compared, one against the 
other, with many actual production cost sand tabular compari- 
sons which show the type of design best adapted for economical 
manufacture in specific in- 
stances. Additional sections 
compare sintered powder com- 
pacts with other high-produc- 
parts and malleable-iron 
castings with equivalent stamp- 
ings and forgings. 


MATERIALS HANDBOOK 


Save endless time through the use of this handbook for 
preliminary survey when you need materials. Easy to con- 
sult; gives you the most helpful facts on kinds, properties, 
uses, sources, for thousands of natural and synthetic mate- 
rials needed by purchasing agents, product engineers, fac- 
tory executives and foremen, etc. 


Gives accurate, dependable facts 


| 
The keynote of this book is accuracy, authority, and de- | 
pendable nomenclature. It is a book upon which the man 
who is concerned in any way with materials can depend—in | 
jints a clear way among new alloys, syn- l 
thetic resins, industrial chemicals, and many other materials, | ‹ 
| 
| 
l 


handy form it 


both old and new. 


By George S. Brady. 789 pages, 6 x 9, $7.50 


| Send me the book(s 
) days I wil 


checked below for 


eturn privilege 


Na 


Addres 


Company 


Position 
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McGrow-Hill Co., 


the book(s), plus 


book(s) postpaid We pay the postage if you remit with this 


] Chases HAND BOOK ON DESIGNING 
FOR QUANTITY PRODUCTION, $7.50 


Practical design information 


every chapter 


Design of Die Castings 
Design of Sand Castings 
Design of Permanent-mold 
Castings 
Design of 
Products 
Design of Stampings 

Design of Impact — 
Design of Die-forged Parts 
Notes on and Accomplish- 
ments in Hot Headings 
Notes on the Design of 
Cold-Headed Parts 

Design of Wire Forms 
Design of Sintered Metallic 
Powder Compacts 

Design of Plastic Moldings 
Die-cast or Sand-Cast? 
Permanent-mold and Die 
Castings Compared 

Which Type of Nonferrous 
Castings? 


Screw -machine 


. Die-cast or Stamped? 


Die-cast or 
Product? 
Cold-headea ог 
chine Products? 
Die Castings and 
Moldings Compared 
Malleable-iron Castings vs 
Wrought Parts 

Sintered Powder Compacts 
vs. Other High-production 
Products 


Screw-machine 
Screw-ma- 


Plastic 


SEE THIS BOOK 10 DAYS FREE 
Mail coupon today 


j -HILL а 


330 W. 42nd St., N.Y.C. 18 л 


10 days’ examination on approval. In | 


cents for postage, or return the | 


"upon; same 


O Brady's MATERIAI | 
HANDBOOK, $7.50 


FPE-2-5 


This offer applies to U. S. only 


س س س س س س س س س a-‏ 
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FLEXIBLE 
SHAFT 


Elliott specializes in Heavy Duty Flexible Shaft units for power take-off of trucks 


.. for Industry 


.. for Agriculture 


and tractors, for operating pumps, compressors, winches, and similar units 
* Elliott supplies Flexible Shafts to builders of Grinders, Sanders, Polishers, 
Concrete Vibrators and other portable tools for working in metals, plastics, wood 
and ceramics ® Elliott manufactures Cores with windings and materials to 


suit every particular requirement, using the best grades of Full Music wire, 


7 
i / Р; 
Mott 4 
MANUFACTURING 


216 Prospect Avenue B 


Stainless Steel wire, or High Carbon wire... to fit the job. 


Elliott Engineering Service will help you select 
the type of Flexible Shafting and standard accessories 
which are best suited to your particular type of work. 
Inquiries are held in confidence, and this service is 


yours without obligation. 


a 


Ask for Catalog 49 
on your Company letterhead 


со, 


ug] 


Answers your need for 
small, low cost 


ir Compressors 


۳ your product calls for a 

“small packaged” air 
compressor or vacuum pump, 
Brown Air Compressor is your 


7 
AIR VISES + AIR REGULATORS • AIR FILTERS * PAINT SPRAYERS/ 


318 


onswer. Only 9'A inches 
high, it delivers 2 cu. ft. per 
minute at 30 to 40 Ibs. pres- 
sure. Advanced type dia- 
phragms instead of oily 
pistons assure absolutely 
clean, oil-free air. Requires 
no lubrication. Operates in 
any position 
sealed ball bearings. Write 
for full data. 


Factory- 


Also Twin Model with 
double capacity. 


W. R. BROWN CORPORATION 


5732 ARMITAGE AVE., CHICAGO 39, ILL. 


chanical advan 
rite for t 
ool or d 
Standard sha 


tages, 

ч һе Shape 
fe Charges 
pes, 


THE COMMERCIAL SHEARING & STAMPING CO. 


P.O. BOX 719 YOUNGSTOWN 1, OHIO 
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with OHIO “stock” gears and reducers 


Cut costs without sacrificing quality by stand- 
ardizing with Ohio STOCK gears and speed 
reducers. Available in an infinite variety of 
types, sizes, capacities and ranges. 1000 to 1 
your power transmission problems can be 
solved with Ohio STOCK gears and reducers 
usually "off the shelf" of your nearest Ohio 
Gear distributor. 

Ohio STOCK gears and reducers are made to 
precision standards in production quantities 
to cut costs to you. 


ESTABLISHED 1915 


THE OHIO GEAR COMPANY 


1325 EAST 179 STREET * CLEVELAND 10, OHIO 
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DISTRIBUTORS AND 


Akron, Ohio 
Hardware & Supply Co 
Baltimore, Md 
L. A. Benson Co., Inc 
Brooklyn 6, N. Y 
(Gears) Northside Leather 
Belting Co., Inc 
Buffalo, N. Y 
F. E. Allen 
S. H. Pooley Belting Co 
*Chicago 7, Illinois 
Schrade-Batterson Co 
*Cleveland 2, Ohio 
J. A. Shomer Co 
Cleveland 10, Ohio 
Ohio Gear Co 
Dayton, Ohio 
E. C. Hawk 
*Detroit 2, Michigan 
Abrasive and Supply Co 
*Erie, Pa 
Crossley Co 
*Findlay, Ohio 
Bearing & Transmission Co 
*Grand Rapids 2, Mich 
F. Raniville Co 
*Hagerstown, Md 
Hagerstown Equipment Co 
Hoboken, N 
Crown Industrial Supply 
Houston 3, Texas 
Behring’s Bearing Service, Inc 
*Indianapolis, Indiana 
A. R. Young 
*Kansas City 16, North, Mo 
Sesco Engineering & Supply 
Corp. 
*Los Angeles 21, Calif 
J. W. Minder Chain & Gear Co 
Louisville 2, Ky 
Alfred Halliday 
*Massillon, Ohio 
Hardware & Supply Co 
*Memphis 2, Tenn 
Memphis Bearing & Supply Co 


REPRESENTATIVES 


Miami 9, Fla 
General Equipment & 
Supply. In 
Milwaukee 11, Wisc 
Albert F. Korf & Co 
*Minneapolis, Minn 
Industrial Supply Co 
*Muskegon, Mich 
Lakeshore Machinery & 
Supply Co 
*New Orleans, La 
(Gears) R. J. Tricon Co. 
(Reducers) Woodward Wight 
& Co., Ltd 
*New York, N. Y 
(Reducers) Patron Transmis- 
sion Co 
(Gears) Atlantic Gear Works 
*Paterson 4, N. J 
(Geers) Bernstein Bros. Inc 
Pawtucket, Rhode Island 
George G. Pragst 
*Philadelphia, Pa 
Rothman Belting & 
Equipment Co 
Robert L. Latimer Co 
*Piqua, Ohio 
Bornell Supply Co., Inc 
Pittsburgh 30, Pa 
Standard Machinists 
Supply Co 
Portland 14, Oregon 
J. W. Minder Chain & Gear Co. 
*Rochester 4, N. Y 
H. M. Cross and Sons, Inc 
'San Francisco, Calif 
The Adam Hill Co 
*St. Louis, Mo 
The Essmueller Co 
*Syracuse, N. Y 
U. and S., Inc 
*Toledo, Ohio 
; The Bearing & Transmission Co 


IN CANADA, *Montreal, Quebec, John Braidwood & Sons, Ltd 


*Stocks Carried. 
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Tell Us Your Producti 


"LOGAN" HYDRAULIC CYLINDERS 


SAVE TIME EFFORT MOTION 


Here’s fast-acting, positive controlled power 
for all types of industrial applications. . . . 


LOGAN 750 SERIES 


ROTATING TYPE—Seven standard sizes from 3” 
to 14" diameter bore. Larger sizes spe- 
cial to order. Maximum operating pres- 
sure 500 p.s.i. 


NON-ROTATING TYPE—Eight standard sizes 
from 2” to 8" diameter bore. Larger 
sizes special to order. Maximum oper» 
ating pressure 750 p.s.i. 


LOGAN ROTOCAST* SERIES 


7 STANDARD MOUNTINGS 


Sizes from 2" to 8" bore; any length 
stroke up to 8 feet. Other bores and 
lengths are special. Four piston rod end 
types. Operating pressures to1500 p.s.i. 


m Ua 
6,975 Standard 
Cataloged Items 


Free Catalog On Request 


AIR CONTROL VALVES 
CATALOG 100-4 


AIR CHUCKS 
CATALOG 70-1 


AIR CYLINDERS 
CATALOG 100-1 


AIR and HYDRAULIC PRESSES 
CATALOG 200-2; ALSO 80-2 


COLLET GRIP TUBE FITTINGS 
CATALOG 44 


HYDRAULIC CONTROL VALVES 
CATALOG 200-4 


HYDRAULIC CYLINDERS 
CATALOG 200-2; ALSO 80-2 


HYDRAULIC POWER UNITS 
CATALOG 200-1 


SURE-FLOW COOLANT PUMPS 
CATALOG 62 


E. 
Let Logan Engineers 
help you design your Air 
and Hydraulic Circuits, 


FLUID POWER SPECIALISTS SINCE 1916 і Ке 





when atta 9 YNCHROS 


are required 


Sg tha 


e Proved Precision 
Accuracy 
e Meet Government 
Specifications 
e Corrosion Resistance 
e Fungus Resistance 
e Available in wide 
WRITE FOR NEW selection of 
TELESYN BROCHURE sizes 


vision of the Sperry Corporat 
31-10 Thomson A 


Long Island City 1, N.Y 





ШЕ 


EVERY TYPE 
ANY STYLE 


Custombuilt for 


Your Product 


Ж ШП, SPRING Zo 


SUBSIDIARY OF THE BARIUM STEEL COR 


10254 BEREA ROAD E CLEVEL ENO 2 ONIO 
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are businessmen 
COLD- 
BLOODED? 


OF COURSE NOT! Literally, their normal body tem- 
perature is 98.6—same as laborers, engineers or any other group 
of people. And, figuratively, they’re no more, or no less, cold-blooded 
—as a group. 


We all know unreasonable generalizations can be dangerously 
false. Common sense and on-the-job experience show us the value 
of dealing specifically with ideas, problems—and people. 


Let's not make the big—and costly — mistake, then, of generaliz- 
ing on religious or racial groups. Adopt and carry out these common 
sense principles: 


. Accept—or reject— people on their individual worth. 


. Don't listen to or spread rumors against a race or a 
religion. 


. Speak up, wherever we are, against prejudice. Work 
for understanding. 


Published in the public interest by: 


McGraw-Hill Publications 
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Bringing together 
for the first time . . 


Engineering data 
on the design of 
ultrasonic systems 


Considers the many uses of 
altrasonics in industry 


IT MAKES NO DIFFERENCE 


Regardless of whether the liquids you handle are highly volatile or 
extremely viscose, Viking pumps them all .. . efficiently and consistently. 
It is only neccessary that you instruct us as to what type of liquid you 
are pumping. 


The VIKING ROTARY “GEAR WITHIN A GEAR” PUMP 
handles ALL clean liquids, regardless of viscosity . . . and 
what's more, you'll find it a thrifty, will- 
ing worker with low power requirements 
and efficient 
operation. 

Write for free 
Bulletin 51SX. 


ERE w the first engi 

neering consideration of 
the ultrasonic field , . . the 
essential theory, plus an 
abundance of practical in- 
formation never before pub- 
lished! This important new 
book reviews electronic con- 
siderations and outlines of circuits. Mechanica! 
and electrical design and construction techniques 
of ultrasonic systems are included . . . everything 
from the design considerations of holders for ultra- 
sonic use to the experimental measurement of 
ultrasonic waves in various media. 


ULTRASONICS 


By Benson Carlin 
Formerly, Product Research Supervisor, 
Sperry Products 
162 illustrations e $500 


| VIKING] 
| |^ AN HONORED NAME 
| IN PUMPING 


Vikin 


The Trend's to 


a 


264 pages e 
See Our 


Catalog In 
SWEETS 


Pump Company 
Cedar Falls, 


s PM HP HARI nere ame va ne o A nwe 


OTH theoretical and practical, this book is 

lowa B5, definitely slanted toward engineering di 
| and use in definite industrial applications. It 
brings you valuable information on: ma test- 
ing, agitation, ultrasonic transducers, ultrasonic 
systems. It explains clearly the characteristics of 





т 
S 


| | 
I 


Brought out of the research laboratory and into 
industry, ultrasonics has tremendously broad, prac- 
tical applications. This 
guide points the way 
to greater use of ul 


The Sales Chart at right tells the story. On ap- 
plication after application, MICRO, America’s 
first and only fully ground miniature bearings, 
have proved their superiority. That’s why more 
and more engineers specify MICRO for top 
performance, long wear, uniform high precision. 
That's why MICRO'S sales today are up 580% 
over 1948 and still climbing. 

Write today for Technical Bulletin No. 50. 
70 sizes and types available from 3$" to Vs" 
O.D. with tolerances to ABEC-7 standards. 


— in, for ex- 
тріе, a 
5 іп s, 
tics and glass, 
CHEMICAL INDUS. 
TRIES; to make bet- 
ter mixtures and emul- 
sions, etc.; METAL- 
URGY: for extremely 
uniform mixtures free 
of air bubbles, etc. It 
likewise discusses ex 
perimental application« 
to systems of televi- 
sion, underwater sig- 
naling, depth sound- 
ing, communication, 
destruction of bacteria, 
ete. 


CONTENTS 
Ultrasonic Waves 


Ultrasonie Waves: 
Further Theory 


Crystals tor Ultrasonie 
Use 


Crystal Holders fer 
Ultrasonio Use 


Reflection 


Continuous- wave 
Ultrasenie Systema 


. Pulsed Ultrasonie 


Systems 


. Ultrasenie Agitation 
. Magnetestriction 


Practical Consider- 
ations in the 
one 

f Ultrasonies 


SEND NO MONEY 
SEE IT 10 DAYS FREE 


McGraw-Hill Book Co. 
330 W. 42d St., NYC 18 


Send me Carlin'’s ULTRASONICS for 

examination on approval. In 10 days I 

$5.00, plus a few cents delivery charge. 
postpaid.* 


Ww 
ys 


Ырас г сло су леу рч део сла о 
о 000000000000 
Ба 


k 


ff 1948 1949 1950 
Annual Fiscal Year Soles (July 1 — June 30) 


New Hampshire ci Ball Bearings, Inc. 


3 Main Street, Peterborough, New Hampshire 


Position — j | 


*SAVE! W та!!! costs If ео 
this [ix "Same return privitege. | 


The GROUND Miniature Bearing 


ultrasonic waves that are important in practical 
applications: curves, waves, and complex waves; 
Fouries’s theorem, wave trains and the law of 
angular transmission; the ways ultrasonic waves 
may be produced, and the electro-mechanical con- 
verting svstems. 

| Evaluates Practical Uses in Many Fields 


| 
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Developed in the Laboratories of the Anthracite Institute M 


Outstanding among anthracite home heating 
equipment, the Axeman-Anderson Anthratube 
stokes itself automatically, burns up to 38% less 
fuel than ordinary coal furnaces, and captures over 
80% of the coal’s usable heat. A feature of its effi- 
cient operation is a self-shaking grate, and a basic 
design-problem was to devise a means of actuating 
this grate at the proper times for ash removal. 
Since ash is not formed at a constant rate, timing 
devices were precluded. 


Thermostatic control was indicated, but it was 
found that when any of various standard thermo- 
stats were placed in or near the fire they either 
could not stand the temperature or were too slow 
in operation. 

The solution was a Fenwal THERMOSWITCH 
unit, placed about six inches in front of the grate 
bed, where it responds by ''seeing" the radiant 
heat from the fire bed. When ash collects, the 
THERMOSWITCH control can no longer *''see" 
the fire and, therefore, the shell temperature drops, 
closing the operating circuits, causing the grate to 


24 


| FENWAL, INCORPORATED, 


— 


Name Position 


Company 
Street 
City 


Zone State 


Propuct ENGINEERING — FEBRUARY, 1951 


seeing” 


Multi-purpose 
THERM ISTAT 


Controls furnace 


Operation by 
radiant heat 


Arrow points to THERMOSWITCH 
unit which controls operation 
of grate in this mod- 
ern anthracite home 


heater. ^5 
) Te 

افر 
ә” >> \ $^ fo‏ ` 


Р 
move forward and back, dumping the ash, until the 
fire is again ''visible" to the control. 


The activating element of THERMOSWITCH 
thermostats is the single-metal shell that expands 
or contracts instantaneously with temperature 
changes, making or breaking the totally enclosed 
electrical contacts. This unique performance has 
proved to be the logical answer to the widest var- 
iety of control problems. 


It may be your answer. Why not send for further 
interesting facts that will help you decide. Mail the 
coupon today ! 


M 


M 


| THERMOSWITCg 
but ‹ nly и 


) heat 


-=o am mm m m am m m m س س کس‎ m am a e a ана me me mo mo me mm om ص‎ amm 


| FREE Ê Get this bulletin . . . see what Fenwal | 


* THERMOSWITCH units can do for you. | 
Just fill in coupon and mail . . . no obligation. 


22 Pleasant St., Ashland, Mass. 
111 South Burlington Ave., Los Angeles 4, Cal. 
TEMPERATURE CONTROL ENGINEERS 


| am chiefly interested in the applications checked: 


O Heating O Cooling 


O Alarm (over-temperature, 
vnder-temperature) 


О Timing (thermal) 


O Humidity Control or De- 
tection 


П Vapor Level Control 
D Radiant Heat Control 
LJ Pressure Control (by controlling vapor temperature) 


OTHER (Please fill in your special requirements) 


— 


-l 
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Move costs the right way 


ч eee 
FA Fractional H.P. 


OD Spinning | Electric Motors! 
*w Fabricating] 
/ ifor DEPENDABILITY 


| Complete facilitiees for engineering, 
tooling and assembly of electric 
motors up to 6 maximum О. О. оѓ 
the following types: 





Direct current—6 volts to 220 volts 
Universal motors—6 volis to 220 volts 


Induction motors—conventional 
voltages 


Shaded pole motors—conventional 
voltages 


400 cycle motors of the smaller sizes 

Also precision electro mechanical 
assemblies 

Experience and precision workmanship 

assure you of motors of dependable 


performance to fit your requirements 
—from 1/1000 H.P. to V4 H.P. 





THE AccEeTED STANDARD 


Send For This 


c AT НЕУСО 


and Methods 


There’s nothing static about Spincraft spinning and z 1 0 Е | N р 0 
fabricating. It gives you a most flexible approach to design 


and production — whether quantities are large or small. 
Best of all, Spincraft methods eliminate high tooling costs; : E 
. . Save time — reduce costs — increase 
gain weeks of time; save many, many dollars. d i i 
ud аме product life. Securely anchor wires 
The scope of these abilities and facilities in all metals to chassis without injury. Heycos 
is highlighted in a new reference book that points the way absorb push, pull and torque. Eleven 
to far greater economy in the production of many parts or sizes clock wire to S-10/3 cable. 
products. Here is a source of practical how-to-do-it ideas 
plus solid engineering facts that is yours for the asking. 
Send for your copy of the Spincraft data book, now. | HEYMAN 


MANUFACTURING CO. 
KENILWORTH 3, N. 


Specification Sheet on Request 


CUED) w. state st., MILWAUKEE 8, wis. MER J A 


p 
Meretofore known os Milwoukee Metol Spinning Co HEYCO ELIMINATES STRAIN ON TERMINALS' 
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Combustion. : 
А of industria 
w convey 
ro 


jet 


ctor in a food 


ipment. 
ing equip е 
pany 


4 a big fa 
: ta 
~orrosion resis 
зорро, as in other we 
е worked closely ¥ 
v design 9 the 


Do these two examples suggest that we can be 
helpful on product problems, where high alloy 
castings are required to fight heat or corrosion? 
We hope they do, for we have found that in 


similar cases, the potential volume has justified 
considerable design and metallurgical study and 
development. Write Electro-Alloys Division, 
2121 Taylor Street, Elyria, Ohio. 


*Reg. U. S. Trade Mark 


ELECTRO- ALLOYS. DIVISION 


ite 
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ELYRIA, ОНТО 


— 





J. D. Adams Mfg. Co. 


Aetna-Standard Engineering Co. 


Barber-Greene Co. 

Beloit Iron Works 

Brookville Locomotive Works 
Clark Equipment Company 
Diamond Iron Works, Inc. 
Gerlinger Carrier Co. 
Goodman Manvfacturing Co. 
Frank G. Hough Co. 

Hyster Company 

lowa Manufacturing Co. 
Oster Manufacturing Co. 
The Prime Mover Co. 

The Ross Carrier Co. 

Streine Tool & Mfg. Co. 
Towmotor Corporation 
United Eng. & Foundry Co. 
Universal Engineering Corp. 
Wean Engineering Co., Inc. 
and others... 


Look at these NAMES! 


a list of distinction. . . using 
BLOODBROTHERS Universal Joints 


When firms like these choose components, their engineers are skeptical 


and tough. So it's significant that Blood Brothers gets such a solid 
vote of approval! 


For over 40 years so far, the engineers in some of these firms have 
specified Blood Brothers Universal Joints and Drive-Line Assemblies. 
Through brutal factory tests — through the roughest, toughest wear- 
and-tear of daily use — they've proved their capacity to "get the 
power through”... dependably. 

As a measure of user preference, these names speak for themselves. 


They're strong evidence that you — and your customers — can rely 
on Blood Brothers quality and service. 


b BLOOD BROTHERS machine co. 


A Division of Standard Steel Spring Co. 
ALLEGAN, MICHIGAN Chicago Office: 122 S. Michigan 





DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. . .add attraction—safety—service ? 


— what lamp to use 
— how fo use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 


PLASTICS vote Strciricarions 


No die costs . — accuracy . 
Complete Service . . . quick delivery. 


Any quantity y size or shape 
PARTS...MODELS... ASSEMBLIES 


Mail Coupon for Samples 


| CARLETON R. ELLIOTT CORP. 
218 N. St. Clcir St., Dayton 2, Ohio 
Send me free sample. | am interested in plastic fabrication for 


© Built-in Resistor © Patented 
@ U/L Listed © Rugged 


Catalogue Number 521308 — 997 
for 110 or 220 volts. 


SAMPLES 
for design purpose 
NO CHARGE 


NEW!. Write for the 
“HANDBOOK OF PILOT LIGHTS,” 
Write us on your design problems. 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. 
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JUST PUBLISHED 
Revised, enlarged 
Fifth Edition 


ERE are over 2,200 pages of up-to-date data instantly needed 

in every branch of mechanical engineering—from aeronau- 
tics to mechanical refrigeration, from power generation to weld- 
ing, from metal-cutting machines, to hoisting and conveying. 
Arranged in handy reference form are answers to thousands of 
questions of every type—covering theory, standards, and prac- 
tice—compiled by experts in many lines. 


MARKS’ 


Zuich 
ANSWERS 


to your most troublesome questions 
on mechanical engineering and its 
applications. 


Brings you thes 


and Standard 
* New 6x 9 


HANDBOOK 


Edited by LIONEL S. MARKS 
Gordon McKay Professor of Mecbanical Engineering, 
Emeritus, Harvard University 
Over 100 contributors 
2236 pages, 6 x 9, approximately 2000 illustrations, 
thumb-indexed, $15.00 


e new 
features 


Page size (f. 
Permits an i f 
ра = an increase of about 10% 
m m without increasi i 
e Pages, and a larger type si 
! s 
че you of good legibilit 
5 illustrations and = 
been similar ы 


ly eni; 

: Y enlarged 
* The index, mor 

»efore, 


this edi 


e 

contains oy 

ti i i 

fei c а and again is one 

Е and most useful t 

technica] books ет 

© Ove à; 
ars 100 contributor, 
= in his field. bring 
mute with recent 
every br 
ing. 


ONSULT the New Fifth Edition of Marks’ Handbook for data needed 
in routine problems of design and practice, or investigation of special 
problems or branches of work. Check your methods against today’s best 
accepted practice, as reflected in its 16 big sections of carefully selected 
and authoritative facts. Whether it is a question of a mathematical table 
or the compressive strength of an alloy—a switchboard wiring diagram 
or the thermal conductivities of liquids and gases—or any of hundreds of 
others, common and uncommon—Marks quickly gives the facts you require. 
A profusion of concise descriptions, fundamentals, formulas, methods, 
tables, diagrams, etc., give you the means of avoiding errors, saving time 
and trouble in procuring vital information, assuring yourself of best results 
in a wide variety of problems. 


found 


each à speci 


you up to the 
ances m 


ady 


anch of mech ade in 


al engineer. 


FREE 
EXAMINATION 
c 
EASY TERMS 


Examine this new hand- 
book 10 days free; then 


Covers new developments 
in many such fields as: 


Thousands of facts 
in 16 big sections 


—fluid mechanics 
—stresses in turbine disks 


—transonic 
dynamics 


and supersonic aero 


Mathematical Tables and 


Weights and Measures 
Mathematics 

Mechanics of Solids and 
Liquids 

Heat 

Strength of Materials 
Materials of Engineering 
Fuels and Furnaces 
Machine Elements 

Power Generation 

Hoisting and Conveying 
Transportation 

Building Construction and 
Equipment 

Machine-Shop Practice 
Pumps and Compressors 
Electrical Engineering 
Engineering Measurements, 
Mechanical Refrigeration, etc. 


—aircraft jet propulsion 
—rockets, radar, and television 
—radiant or panel heating 
—solar heating 

—heating by heat pumps 
—compression distillation 
—high-vacuum pumps 
—modern casting methods 
—dust explosions 
—industrial supersonics 
—machining of plastics 
—automatic process control 
—statisticai quality control 
—ferrous and non-ferrous alloys 
—plastics and elastomers 
—silicones and adhesives 
—explosives 

—rocket fuels 

—reflective heat insulation 
—powder metallurgy 
—atomic power, etc. 
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while you use it, send 


small 
ments until 


instoll- 
the price 


monthly 


of $15.00 is paid. 


McGRAW-HILL BOOK COMPANY, Inc. 
330 W. 42nd St., New York 18 

Send me Marks’ MECHAN —M p HANDBOOK, 
days’ examination on roval. If the book proves satisfac 


) да and $3.00 г 00 is paid. Othe 
vok postpaid 


I wil 


Address 
ity 
Company 


Position 
This offer applies to U. S. only 


کے کے سے سے کے سے کے سے سے دست کے سے سے سے کے سے سے 


merly 4ا4‎ x7 


5th Edition, for 10 


emit $3.00 
return the 





Steel Collars FY =a ШШ 
МА Лү 


for 
Production Economy 


Uw 4 | Littleford facilities and skilled work 
Ое ж Ge UB O BO ве рк m oe Oe Ê 1 | 


men are qualified to fabricate any 
product of plate or sheet metal that 
may apply to your production 


Littleford weldrments have long been 
known for uniformity, accuracy 


strength and adaptability. Rigid de 
HALLOWELL Solid Steel Collars, functionally proportioned throughout mands of manufacturing plants, de 


precision-machined so faces run perfectly true . . . are beauti- Peer fo nesses ty ga ЕТ 
fully polished all over . . . yet they cost less than common cast iron | 
collars. 3° bore and smaller are made from Solid Bar Stock. To If you have a weldment problem send 
make sure the collar won't shift on the shaft, they are fitted with the و ا ی‎ най kie Sos dH и Бг 
famous UNBRAKO Knurled Point Self-Locking Socket Set Screw—the set | Ag and sheet metal T oe vag 
screw that won't shake loose when once tightened. HALLOWELL . . 


а "buy word" in shaft collors . available in o full range of sizes 
for 


IMMEDIATE DELIVERY 


Write for name and address of your nearest HALLOWELL and 
UNBRAKO Industrial Distributors 


OVER 48 YEARS IN BUSINESS 


a MM ve t ar ae date mee T 


JENKINTOWN 28, PENNSYLVANIA 


SPS STANDARD PRESSED STEEL CO. 
ЕЯ د ل س‎ _—_ 


pi k help you design ы products 


al к costs eee 


HUNDREDS OF PRODUCT-DESIGN 
ENGINEERS CONTRIBUTED 
DATA AND NOTATIONS FOR 
“DESIGNING WITH DOLLARS” 
. this wealth of design information on 35 different classifica- 
tions of product components and fabrication methods . . . from 
the June issue of PRODUCT ENGINEERING . . . is now available 


in reprint form. You can obtain copies for permanent reference 


at 75 cents each from our READER SERVICE DEPARTMENT. 


PRODUCT ENGINEERING 


McGRAW-HILL BUILDING, NEW YORK 18, N. Y. 
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PE 13h R 3 


tells W 


“They provide smoother operation” 


“They approach more closely than others 
the type of valve desired in respect to size, 
‘machine fit’, longevity” 

“Excellent service given by your company” 

“Engineering service rendered by HYDRECO” 


80°/ of ll leading 
MODEL HM industrial loader 


ER manufacturers use 
988 gene HYDRECO VALVES 


HYDRECO Hollow-Plunger 


Valves — for smooth and accurate control for 


raising, bucket control, and accessory operations. 


HYDRECO Hollow-Plunger control valves 
build in the fast and safe control so necessary to 
proper loader operation. Accurate throttling 
characteristics, inherent in HYDRECO valves, 
cut out lost motion in loading and unloading. 
Check valves of the Hollow-Plunger design 
entirely eliminate momentary load drops and 
jerky operations. There are no dead spots in 
HYDRECO valve operation to create pressure 
peaks, damaging to the hydraulic system. — 0 m eee ee OES ee ee 


loaders provides lift control with both positive down 
pressure or float action and also complete bucket control. 


HYDRAULIC EQUIPMENT COMPANY 


1104 EAST 222nd STREET . CLEVELAND 17, OHIO 
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Гор YOU FORGET 


ar | TO TELL US 
| WRITE FOR INDUSTRIAL CATALOG | ТН АТ YOU' R E 


RUBBER PRODUCTS | MOVING‏ سسا 


Solid, hard or sponge rubber parts molded to customers | 
specifications from natural, synthetic and reclaimed rubber ? 
ә” 


Davidson RUBBER COMPANY Planning to move? If you are, 


“enan 07 then won't you please let us 
BRIGHTON STREET Department 5 BOSTON 29, MASS, know as far in advance as pos- 


sible? |t takes time to make 


JE LLIF F RESISTAN c E WIR ES address corrections on your 


PRODUCT ENGINEERING sub- 
are very muc h | scription stencil. By notifying 


AT HOME INA HOT SPOT || us about your change in ad- 


жа d ded dress, you make sure PRODUCT 
ALLOY PERCMF OP TEMP. | RANGE | FORMS! USES ENGINEERING reaches you. 


о 0.0010 “Compact, stable || There's a handy coupon below 
1000 1 000 900 F | 0.0009 W-R E ш report the change to us. Do 


VAN ‘ o * „В.-© Ultra-High temp. it now so you continue receiving 
INS 72 R continuous service 

2 0.2890 р your PRODUCT ENGINEERING 
k 675 1700°F 0.0008 W- чер... | without a single hitch in serv- 


A [650 2100°Е со М-В "а s f tnt 


о 0.2890 Precision 
45 294 930 F 0.0010 | W-R pe PRODUCT ENGINEERING 


i Circulation Department 

= 330 West 42nd Street, New York 18, М. Y. 
Е CHANGE OF ADDRESS NOTICE 
. 

1 

Н 

| 

i 

. 

: 

H 





| 
| 


t—W, wire—R, ribbon— S, strip. * —several different alloys 





Whether the heat is literal (up to 2460F), 


or figurative in the sense that performance $ THE C. 0 


under difficult conditions is a must, we have : J EL E J F 


i à B MANUFACTURING 
an alloy for almost any conceivable require- CORPORATION 


HN SOUTHPORT, CONN 





зат зму 


ment. The above Table may suggest possible 


applications to your products. 


e FILTERS «© 


Complete Technical Data are available from 


Department 24. 
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Nat says: “Our engineers can help you find a solution for 
practically any special fastening problem... requiring an 
unusual type of bolt, nut, screw, pin or headed or threaded 
part. And with National’s wider range of cold heading equip- 
ment and specialized machinery, you'll find we're well set to 
produce for you economically." 

That about sums up National’s “Special Product Service”, 
except to say... call in your nearest National representative, 
or send us your specifications. 

Remember, too, that National produces the most complete 
line of standard fasteners for industry. 


National Products Include: HODELL CHAINS © CHESTER HOISTS 


Д lio MET £ THE NATIONAL SCREW & MFG. COMPANY 


ana ne 


Pacific Coast: National Screw & Mfg. Co. of Cal. 
3423 South Garfield Ave., Los Angeles 22, Cal. 
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ONE LITTLE PART 


BINDING POSTS == TWICE 


DN Qd | ACTUAL SIZE 
iw 


ye Of‏ ی 
Ра ]‏ 
NIILL)‏ 
y‏ 

= 4 — 


FIBRE TERMINAL PLATE DIE CAST BASE 


lionel designed this non-turning, self-fastening 
binding post for making electrical connections to 
model railroad equipment, such as coal loaders. 
A multi-purpose fastener for a high quality 
product, it must be prefabricated with precision, 
speed and economy. Progressive provides the 
perfect facilities for specials such as this. 


A combination tubular rivet and threaded post, 
the connector eliminates separate parts such as 
nuts and lock-washers, excludes expensive hand 
operations and permits multiple assembly. Made 
of headed stock, it curls without cracking. 
Serrations lock the post to keep it from turning. 
Tubular section holds the post to its base and 
may be used further to hold a soldering lug, etc. 
Drawing detail above shows the multiple func- 
tions performed by the fastener. 


Special fasteners are our specialty. IF IT'S 
SPECIAL, see PROGRESSIVE. 


WRITE FOR OUR CATALOG 
IT MAY SAVE YOU MONEY 


E me PROGRESSIVE 
MANUFACTURING COMPANY 


48 NORWOOD ST., TORRINGTON, CONN. 


SALES OFFICES: SAN FRANCISCO, LOS ANGELES, 
PORTLAND, DETROIT PHILADELPHIA, CLEVELAND, 
SEATTLE, BOSTON, SYRACUSE, ST. LOUIS, CHICAGO 


The Controlled Flow 


HYDROPUMP 


PROVIDES COMPLETE CONTROL OF 
VOLUME * * * DIRECTION * * * PRESSURE 
AT THE PUMP without Valves 


These are only some of the features that the 
HYDROPUMP offers. For complete information, 
write for Bulletin 100-P. 


MILWAUKEE HYDROPOWER, нс. 


3445 N. 35th St. Milwaukee 16, Wis. 


No Sharpening 
WITH THE MIRA PENCIL 


The MIRA never needs to be 
pointed, yet it draws continu- 
ously a line of 

constant width. 

How? A unique 

flat lead .012 inch 

thick. 


* Lead: avtomoticolly fed 
Cannot be broken 
superior quality— 
available in: 

HB H 2H 4H 


* No grophite dust 
* Choice of 0.30mm or 0.45mm line width 


Í Mira Pencil 


© Prices: ) Leads (per box) 


EVENLINE PRODUCTS 
P. O. BOX 47 * East Side Station * PROVIDENCE 6, R. I. 
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Rid 


REINFORCED LAMINATE 
For Gears and Mechanical Parts 


UNIFORM STRENGTH 
IN ALL DIRECTIONS 


Plus... Smooth Mechanical Finish . . . Good Electrical Properties 


its reinforcement 1s different! ... that’s 
why this new material provides such a 


unique combination of properties. 


Instead of woven fabric, new INSU- 
ROK T-815 is reinforced with unwoven 
cotton fibres, random-laid in the form of 
a mat. Thus, it exhibits high uniform 
strength—in the main direction, cross 
direction, and all intermediate angles! 


This property is valuable in gears and 


other mechanical components, where 
teeth or other sections must have equal 


strength. 


But Grade T-815 has more than uni- 
form strength. Its electrical properties 
are good, and it machines well to smooth, 
clean surfaces, with finish and texture 
superior to any cotton fabric-base lami- 
nate made. Furthermore, T-815 can be 


punched—hot or cold, depending upon 


* All directions in the plane of the sheet 


Jhe RICHARDSON COMPANY 


FOUNDED 1858—LOCKLAND, OHIO 


SALES OFFICES: CLEVELAND * 


the thickness—making it valuable for thin 


electrical parts requiring high strength 


Investigate new INSUROK T-815 for 


your product, today. 


DETROIT 


INDIANAPOLIS • LOCKLAND, OHIO è MILWAUKEE 


2793 Lake St., Melrose Park, Illinois (Chicago District) 


PRODUCT ENGINEERING — FEBRUARY, 1951 


NEW BRUNSWICK, (N. 1.) ° 
PHILADELPHIA • 


NEW YORK 


ROCHESTER • 57. 10015 





A9 ——— Tap pry ——— 


ЗЕМ FOR YOUR COPY OF THIS 
CATALOG 
TODAY! 


60 pages of 
valuable informa- 
tion describing 

the entire 

line of 

Honeywell 
Automatic Controls 


Tue KIND of information you want, right at 
your finger tips . . . on pneumatic and electric 
non-indicating controls for temperature, pres- 
sure and humidity. 


Included are many types of switches and relays 
... temperature and pressure controllers . . . all 
types of valves . . . and scores of other inex- 
pensive, accurate and dependable controls. 


Catalog No. 8304 is complete and factual... 
contains detailed specifications for all prod- 
ucts, with complete supplementary price lists. 
It belongs in your files for ready reference... 
send for your copy today. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4459 Wayne Ave., Phila- 
delphia 44, Pa. Offices in more than 80 princi- 
pal cities of the United States, Canada and 
throughout the world. 


Honeywell 
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W bat makes one man 
worth $40,000 — an- 
other only $4,000? . .. 
this book tells . 


HOW TO 
CULTIVATE YOUR 
TOP EXECUTIVE 

— 


—and win success faster in 


| the upper brackets 


TOP EXECUTIVES aren't born. They're made. 
Self-made mostly. Though they rise along 
different routes, the steps to their success are 
similar. They follow a definite course of action 
.. + and arrive at the top as „ Мот, 
here is a practical, inspiring book which brings 
you this amazing success formula. It outlines 
а specific, detailed plan for cultivating the 
qualities which mark the top-flight business 
leader today—illuminating each point with in- 
timate, on-the-job studies of currently out- 
standing executives. 


DEVELOPING YOUR 
EXECUTIVE ABILITY 


By Howard Smith, Personnel Consult- 
ant, Noted Lecturer, and Instructor 
with Dale Carnegie Institute. 225 pages 
5% х 8, $3. 


This book provides a blueprint that shows how 
you can win executive success. Showing that 
executive genius is not a quality one is born 
with, bot the result of concentrated effort 
along the right lines, the book tells how to 
direct the same efforts and thinking which 
you already expend daily toward the definite 
goal of improving your executive ability. 
Packed with helpful pointers it tells how the 
up-and-coming executive can make the most 
of his capabilities, grow in executive stature, 


| апа rapidly qualify for the upper bracket 
| responsibilities and rewards. 


Some facts this book gives you: 
how te plan advancement 

the seoret of executive personality 

3 best methods for improving personality 
11 ways te put over your personality 

24 guideposts to produetive thinking 

11 aids for making decisions 

11 steps for handling worries 

hew to budget time most efficiently 

12 tested techniques for giving Instructions 
how to talk te groups effectively 

how to handle responsibility 

how te give yourself publieity 


10 DAYS' FREE EXAMINATION 


——— 330 М. 42 8t, N.Y.C. !8 
peg у 0—1 аур – 4 
for 10 dase days’ examination on In 10 days 


К не НО pos Tew oana postage, er eur 


($3.50 1n Canada; order from McGraw-Hill Co. of 
Canada 14d, 12 Richmond Bt. E.. Toronto 1). 





BRIDGEPORT BRASS COMPANY 


OPPER ALLOY BULLETIN 


ар ee RT 
ER MILLS IN BRIDGEPORT, CONN. AND INDIANAPOLIS, IND.—IN CANADA: NORANDA COPPER AND BRASS LIMITED, MONTREAL 


Selling to Department of Defense 
~Army, Navy and Air Force 


The information contained on this page 
relative to selling to the Military 
Departments of the Department of 
Defense was obtained from the Muni- 
tions Board Small Business Office. 


Manufacturers, faced with material 
shortages and curtailment of civilian 
goods, are of necessity seeking defense 
orders to keep their plants operating. 
These do not come without effort on 
the part of the manufacturer. 

However,a manufacturer may waste 
time seeking war orders through trips 
to Washington. Information, and even- 
tually orders, can be obtained more 
quickly and easily by writing. 

The Department of Defense, under 
which falls the Army, Navy and Air 
Force, has assigned to individual mili- 
tary departments responsibility to pro- 
cure certain supplies and services for 
all three units. 

At the same time the Army, Navy 
and Air Force have offices which buy 
for their individual needs. 


Get on “Bidders Lists” 
for Prime Contract Work 


All of these offices have what is 
known as “bidders lists”. The manu- 
facturer should be on these lists to 
receive a chance to bid on a formally 
advertised contract or to be approached 
for a negotiated contract. 

Wherever possible, the advertised 
method is used. However, negotiated 
contracts are permitted under the re- 
cently declared national emergency. 

The Superintendent of Documents, 
U. S. Government Printing Office, 
Washington 25, D. C., has available 
three booklets. These publications list 
the purchasing offices of the Army, 
Navy and Air Force, and give a brief 
descriptive list of the items each pur- 
chases. The method of getting on “bid- 
ders lists” and the necessary steps in 
seeking contracts are also explained: 

1. “How to Sell the U. S. Army” 
(30 cents). 

2. “Purchasing Items and Purchas- 
ing Locations of the Department of the 
Navy” (20 cents). 

3. “A Guide for Selling to the U. S. 
Air Force” (15 cents). 





IT’S YOUR JOB! 


There is no easy way to do 
business with the Government. 
You must exercise just as much 
initiative, enterprise and sales- 
manship as you would in doing 
business with private industry. 


Another service is available to man- 
ufacturers for information as to the 
purchasing office to write to for a spe- 
cific product or products. A letter 
listing products you are making or can 
make should be addressed to: 


The Military Procurement 
Information Office 

Munitions Board 

The Pentagon 

Washington 25, D. C. 


Information as to specific offices to 
contact for getting on bidders lists will 
be sent to you. This office will also 
answer questions pertaining to defense 
orders. 

When you have obtained the name 
and address of the 
office, or offices, in- 
terested in procuring 
your goods, a simple 
letter, illustrated on 
this page, will either 





procurement, the item contemplated 
and the amount, the invitation for bid 
number, and the bid opening date. A 
firm may bid on any item listed by 
writing to the office doing the buying, 
giving the IFB number, and request- 
ing a bidding set. 


Sub-contract Work 
Up to this point only prime contracts 
have been discussed. There are, how- 
ever, many concerns who can handle, 
or desire, only sub-contract work such 
as screw machine, press, tool shops, ete. 
To facilitate small business in ol 
taining the names of the firms awarded 
unclassified Department of Defense 
contracts in amounts over $25,000, thê 
Department of Commerce publishes 
weekly the “Consolidated Synopsis of 
Contract Award Information.” This 
gives the name and address of the su- 
cessful bidder, the commodity puf- 
chased, the quantity, and the value. 
Both contract award and procure- 
ment information synopsis may be re- 
viewed at your local Chamber of Com- 
merce or nearest field office of the U. §. 
Department of Commerce. If you wish 
to receive these regularly write to: 
U. S. Department of Commerce 
Division of Printing Services 
Washington 25, D. C. 


Suggested Letter Seeking Bids 


(Company Letterhead) 


Commanding Officer 


put your company's 
name on the bidders 
list or bring applica- 
tion blanks. 

Daily Listing 

As an aid to busi- 
nessmen in obtaining 
current information 
as to what the Gov- 
ernment is purchas- 
ing, and an oppor- 
tunity to bid, the U.S. 
Department of Com- 
merce publishes 
daily a“Consolidated 
Synopsis of U.S. Gov- 
ernment Procure- 
ment Information.” 
It lists the purchas- 
ing office making the 
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(Purchasing Office) 
(City, State) 


Dear Sir: 


Our firm is desirous of supplying items centrally 
procured through your office, as outlined in pamphlet 
"How to Sell to the United States Army" and/or 
"Purchasing Items and Purchasing Locations of the 
Department of the Navy*, and/or "A Guide for Selling 
to the U. S. Air Force". 


Attached hereto 13 a list in duplicate of items 
which we desire to furnish. Where known, we have also 
indicated the applicable Government specification. 


As we have never before bid on business through 
your office, we are attaching a copy of our most recent 
balance sheet, and profit and loss statement. 


It is recognized that your office is extremely 
busy under the impact of procurement necessitated by 
the present emergency. No formal reply is requested, 
however, we would like the duplicate list returned to us 
in the enclosed self-addressed stamped envelope. Please 
mark any items that are not procured by your office, 
and if possible indicate the appropriate purchasing office. 


Yours truly, 





(Collector 
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W ELCO Collector Rings are made in all 
sizes to carry currents of 5 to 200 amperes. Two 
to twelve rings can be furnished on one stub 
complete with brush holders, brushes, studs for 
supporting the brush holders and stud rings. The 
collector rings can be assembled as a unit on 
one hollow tube with threads on one end and in- 
sulation bushing on the opposite end. The brush 
holders carrying the current are made of brass. 
The collector rings are made of hard bronze 


material. Bakelite insulation is used. 


Welco Collector Rings are custom-built to fit the 
special design and functional requirements of 
your machines or equipment. A limited number 
of standard types are available. Send us your 
blueprints and we will design for you the col- 


lector rings that are functionally correct. 


THE B. A. WESCHE ELECTRIC CO. 


1624-20 VINE ST. CINCINNATI 10, OHIO 





DECAL decorated 
products sell faster 


Products sell faster, at greater profit 

' TIME, decorated with 
Meyercord Decals. New full-color 
catalog of decal ideas shows bow to 
add eye-appeal at a fraction of hand- 
painting time and cost. On any com- 
mercial surface housewares, fab- 
rics, novelties or juvenile items 
Easily applied at production line 
speeds, durable, washable decals 
more than pay for themselves 
through increased sales 


Write now 
for full-color 
product 
decoration 
catalog of decal 
ideas. Business 
letterhead, 
please. 

Dept. 48-2 


FLEXIBLE 
and RIGID 


any special shapes: 


RODS BELTING 
TUBES EDGING 
STRIPS BINDING 
@ POLYSTYRENE 
@ CELLULOSE ACETATE 
@ POLYETHYLENE 
@ VINYLS 
@ ETHYL CELLULOSE 
@ BUTYRATE 
@ ACRYLIC 
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ENGINEERS 


AND 


PLANNERS 


NEEDED FOR 
GUIDED MISSILE 
PRODUCTION 


MECHANICAL ENGINEERS 


experienced in the production design of 
precision instruments, gyroscopes, servo 
systems, or precision hydraulic power 
equipment. 


ELECTRONIC ENGINEERS 


experienced in the production design of 
miniature electronic assemblies or radar. 


TEST ENGINEERS 


experienced in the design of production 
test equipment for precision mechanica! 
or electronic assemblies. Fields of inter- 
est include dynamic and static balance, 
system and functional testing, complicat- 
ed electronic circuitry, hydraulics, and 
precision electro-mechanical devices. 


TOOL ENGINEERS 
AND 
TOOL PLANNERS 


experienced in tooling pieceparts and as- 
semblies for small, precision mechanical 
or electronic components. 


PRODUCTION ENGINEERS 
MECHANICAL OR ELECTRICAL 
experienced in operation analysis, me- 
thods, procedures, and plant layout for 
small, precision mechanical or electrical 

components. 


PLASTIC ENGINEERS 


experienced in all standard materials and 
techniques, including potting and im- 
pregnation 


A New Essential, Strategic Industry 
Backed by Large-scale Research Pro- 
gram 


Commercial as Well As Military Appli- 
cations 


New Plant and Facilities 
Plenty cf Opportunity for Advancement 


In An Expanding New Department 
о НАС. 


Mail letters of application immediately, 
with resume of experience to: 


D. C. HIERATH 


Dept. 29 B 


HUGHES AIRCRAFT COMPANY 


Culver City, California 


ALL LETTERS WILL BE ANSWERED 
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BENDIX oFfFerRs You 


Better Positions TODAY 
MECHANICAL 
ENGINEERS 


ELECTRICAL 
ENGINEERS 


Mui opa c nr mu N 


Eclipse Pioneer Division of Bendix Aviation is located in suburban New Jersey, 
convenient to metropolitan New York City. 


Submit resume or write for application. 


BENDIX weno con. 


RESEARCH OPPORTUNITIES 


Openings resulting from our expanding 
research program will appeal to young 
men interested in and capable of conduct- 
ing responsible research in mechanical en- 
gineering. A variety of attractive openings 
exist, involving product design, stress 
analysis, mathematics, fuels combustion, 
and related fields. Unusually attractive 
openings, offering excellent opportunities 
for professional development, advanced 
training and promotions, limited only by 
individual capabilities. Essential activity 
in congenial atmosphere having strong ap- 
peal to the professional research man. 
Write today directly to 


BATTELLE MEMORIAL INSTITUTE 


Industrial and Scientific Research 
505 King Avenue, Columbus 1, Ohio 


MANAGEMENT 
CONSULTING 


Established management consultant 
seeks an engineer with the following 
qualifications: electrical, mechanical 
or industrial engineering degree and 
preferably graduate training. At least 
5 years’ experience with one or more 
manufacturers of electronic or electri- 
cal components in one or more of 
these areas: industrial engineering. 
production management, plant engi- 
neering or process engineering. Must 
be willing to travel. Base Chicago or 
New York. Salary open. Address 


P-8566, Product Engineering 
$20 N. Michigan Ave., Chicago 11, Ill 


J 


. for Better Opportunities TOMORROW! 


Men experienced or interested in: sensing de- 
vices, controllers, gyros, or servo-mechanisms. 


Men experienced or interested in: amplifiers, 
electronic computers, electrical systems or 
servo-mechanisms. 


THESE OPENINGS OFFER UNUSUAL OPPORTUNITIES 
EXCELLENT SALARY PAID IN ACCORDANCE WITH EXPERIENCE 
World-iamous Bendix Aviation Corporation has shown the way in aircraft 


instrument design in practically every history-making flight from the early 
transatlantic operations to the present supersonic era of aviation. 


ё 


SEARCHLIGHT SECTION 


Route 6 ^ 17, 
Teterboro, N. J. 
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Special offer to 


pront d Tnt ma 
wre кы 
a 


Do 


X Engineers 


794 $ 


х № 
Tires... в woe 
утре gutted 


Lockheed will pay you full 
salary while training you to be an 
Aircraft Engineer 


.. if you are a graduate engineer with 
approximately four years’ layout and 
design experience in fields such as 
Mechanical Product Design; Ship Design; 
Structural Sted Design, Metal 
Trailer, Bus or Railroad Car Design; 
Oil Refinery or Chemical Plant Design 


You will receive an important 
position in Aircraft Design upon 
successful completion of training 


a 
Generous Travel Allowances "t 
ore offered those who qualify 
k Write today — giving full porticulors 
tn, os to experience and training. f 
59 i Address 
ی ا"‎ nnl 


Y 


Karl R. Kunze, Employment Manager 
LOCKHEED Aircraft Corporation 
1708 Empire Ave., Burbonk, Calif. 


PATENT RIGHTS 
AVAILABLE 


For Toys—Novelties—Consumer Goods 
and industrial Products. 
Por Particulars write: 
ELO DEVELOPMENT CO., INC. 
Chathem-Phenix Bidg. L. i. City, 1, N. Y 





WANTED 


MECHANICAL ENGINEER 


Leading manufacturer pumping 
wants graduate engineer with e a or ex 
perience on mechanical devices for handling 
liquids under low pressures. Design and de- 
velopment work. Location in thriving Maryland 
community within convenient reach of metro- 
politan areas. Salary open Write giving 
personal resume. All replies strictly confiden- 
tial. Personal interview at your convenience. 


MARTIN & SCHWARTZ, Inc. 
Att: Mr. Thomas 
Salisbury, Maryland 


equipment 


REPLIES ( Boz No Address to office nearest 
NEW YORK: 330 W. 42nd 81. (18) 
CHICAGO: 520 N. Michigan Ave. (11 
SAN FRANCISCO: 68 Post 8t, (4 


EMPLOYMENT SERVICES 


SAL. ARIED POSITI 
offer the 


ONS $3 
original pers nal 
i (establishec 1 years) 
ethical standa 
sonal requireme 

osition ‘pre ‘ sk 
Bixby, Inc 268 Dun B 
SALARIED PERSONNEL 3 

confidential service establishec 1 
geared to needs of high grade men who seek 
a change of connection under conditions assur 
ing, if employed full protec m to present po- 
sition. Send name and address only for details 
Personal consultation invited. Jira Thayer Jen- 
nings, Dept. H 241 Orange St New Haven 
Conn 


POSITIONS WANTED 


PRODUCT DESIGNER: engineering execut 

20 yrs. design & development experience o! 
small electro al device Several pat 
ents. Tx Ek production € € ^ 
Eng nec pla 
Engineering 


MECHANICAL ENGINEER 
ence of which 10 years in « 
design and constructi« 
oduction and hydraulic equipmen 
on as engineering or plant п 
tive. PW-8716, Product Engir 


‘HIEF DEVELOPMENT Er 
tile Diversif 


eng 


MANUFACTURERS 
REPRESENTATIVE 


Are you in need of active representation 
of your produc! in N. Y. State excluding 
the metropolitan area? 


I am well established and calling on 
electrical and radio equipment manufac- 
turers and am interested in a line of stock 
and production items. 


Regardless of the times, representtation o! 
your product to the trade is essential 


RA-8129, Product 
330 W. 42 St. 


E "a neering 
New Y« 18, N. Y 


ARE YOU YOUNG OR OLD 


тапш аси wh е s top-notch 
© Wiscons n territory 


"Opportunity" Advertising: 
Think 
"SEARCHLIGHT" 
First 


| CONTRACT WORK 


Which is better 
for YOUR product? 


NON - GRAN NON - GRAN 


SAND CASTING CENTRIFUGAL 


* Request Booklet ! 


American 
Non-Gran 
Bronze Co., 
Berwyn, 
Pennsylvania 


Our full machine shop facilities 
are available for 
Contract or Subcontract Work 
For civilian and defense orders. 


Please apply to 


SAFEGUARD CORPORATION 
LANSDALE, PA. 


Manufacturers of 
instant Checkwriters, Air-in-Ventilctors, 
and Room Humidifiers 


— H. KENDALL 
lting Mechanical Engineer 
st Reduction Studies: Process or Produet. 
lesign Existing Products for Greater Profit 
ac "sign, Cost Problems, 


* g J 
Tel. Darien 5 
Darien, Connecticut 


NEW YORK 
TESTING LABORATORIES, INC. 


CHEMICAL, MECHANICAL, ELECTRICAL 
METALLURGICAL ENGINEERS 

ANAL as CHEMISTS, PHYSICISTS, X-RAY 
Ana of a Mater rials and Products, Plant 
and F 1 ervice Measurements of 
Stress, Sound ration and other. Consultants in 
Lit atior iP ss ngineering and Design 

8 i rk City 6, N. Y 


W. A. PATTERSON 


Consulting Engineer 
FRACTIONAL HP MOTORS 
Mech Design or Development, 
Specification Procure- 
Inspection and Laboratory 
g or Special Electric Motors 
enerators and Dynamotors 


1320 Carlisle Ave. Racine, Wis. Tel. 2-4254—4-1078 


SKINNER, HARLAN AND IRELAND, INC. 
Consulting Engineers 


Specializing in Magnetic Materials and 
Their Application 


Office and Laboratory Indianapolis 7, Indiana 
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T here's 


a 
girl 
in 
our 


office... 


. Whose one job is to 
expedite delivery of your 
requests for “New Catalogs 
and Bulletins” to the man- 


ufacturers concerned. 


The job keeps her busy, 
too. She handles several 


thousand requests from 


Propuct ENGINEERING 
readers every month. And 
she’s anxious to be of serv- 
ice to you whenever she 


can. 


So check the “New Cata- 
logs and Bulletins” insert 
if you haven't already done 
so. You'll find a lot of use- 
ful information listed there 

. . and any of it is availa- 
ble to you promptly and 


without cost. 


PRODUCT 
ENGINEERING 





Index of 


PRODUCTS 
ADVERTISED 


In This Issue 


MATERIALS 


Aluminum Alloys 2, 64, 257 
Bimetal 64, 213 
Brass 2, 281, 287, 311, 335 
Bronze 261, 279, 287, 311, 335 
Carbide Alloys 293 
Carbon Graphite. 4th Cover, 72-73, 
179, 234 
Ceramics 53 
Chemicals .. 292 
Copper Alloys...2, 64, 213, 287, 335 
Cork Compositions 49 
BE. 1540ж 5 273, 308 
Friction Materials 183, 284 
Glass 233, 292 
Laminated Metals 64, 218 
Leather 172 
Light Metals 
Magnesium Allovs 62 
Manganese Alloys . 
Nickel Alloys . 12, 
Nylon ... À 24 
Plastics 6, 24, 41, 61, 62, 74, 208, 
247, 292, 296, 299, 326, 336 
Plastics, Laminated. 51, 59, 243, 296, 
299, 333 
Platinum Alloys i 64 
Plywood 341 
Powdered Metals 4th Cover, 47, 
72-73 179, 213, 234, 262 
Resins 20-21 
Rubber & Synthetics. ..172, 204, 208, 
225, 245, 252, 330, 340 
Silicones 37, 158 
Silver Alloys : 64 
Stainless Steel 2nd Cover, 58, 
162, 201 
Steel 70, 162, 177, 237, 259, 274 
Tool Steel à 
Wood 
Zinc 


STRUCTURAL PARTS 


Bars 47, 58, 237, 293, 311 
Castings 80, 198, 211, 242, 246, 
261, 265, 270, 272, 293, 325, 347 
Die Castings 16, 30 
Extrusions 225, 336 
Forgings 284, 301,314 
Metal Powder Parts 47, 183, 213, 
234, 262 
Plates i 237, 293 
Rods 2, 51, 261, 287, 335 
Shapes 2, 8, 70, 225, 261 
Sheets 2nd Cover, 2, 51, 225, 237 
Stampings 277, 289, 318, 345 
Strips. .2nd Cover, 225, 237, 259, 335 
Tubing. .2nd Cover, 2, 47, 51, 52, 69, 
162, 197, 215, 225, 240, 261, 
268, 274, 290, 297, 300, 335 
Weldments 328 
Wire 280, 293, 330, 335 
FINISHES 
Paints & Lacquers 187, 193, 292 
Plating 183 
Rust Proofing 256, 295 


MECHANICAL PARTS 
Air Motors ...... 258 
Balls 226, 304 
Bearings, Ball, Roller, and Needle 15, 

25, 48, 54, 56, 75, 84, 185, 189, 

203, 220-221, 232, 238, 250, 

260, 294, 298, 306, 322 
(Continued on page 340) 
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Shortens the Bridge 
between Drafting 
and Production- 


@ Universal Drafting Machines speed 

ideas into production by eliminating 

waste motion and “drawing board jitters.” 

They combine into one high precision unit the most 
used tools of the draftsman’s art—T-square, triangles, 
protractor and scales. 


Today’s Boardmaster Model represents fifty years of 
engineering progress—has many unique features. It is the 
only drafting machine that gives you a hinged anchor 
for easy paper placement; a spring balance on both arms 
permitting almost effortless movement; a full vision 
protractor; a protractor equipped with ball-bearings to 
eliminate play and to last for years. And when you buy 
your Boardmaster, remember that it is the only one that 
can be adapted while in service to any board angle. 
Universal cuts drafting time up to 40%—reduces fatigue 
—helps to counteract today’s higher drafting room costs 
with low initial outlay. Write, today, for descriptive cir- 

cular to Universal Drafting Machine Corp., 

7960 Lorain Avenue, Cleveland 2, Ohio. 


THE 
ORIGINAL 


DRAFTING MACHINE 


UNIVERSAL 
FTING MACHINE 


ond still the 
PACE SETTER 


ofter 50 veerg D 8 A 


эы d 


€ 


Ane 





Behind your television screen... 


Rubber Television 
Anode Shield Manu- 
factured by Conti- 
nental for the 

Ucinite Company 


Continental Rubber 
gets into the act 


In the unseen act behind your television screen, 

a small cup-shaped rubber shield: plays an important role. 

This shield fits over the anode on the side of the tube. Its function 
is to “seal in” high voltage current and thus prevent 

surface discharges that cause picture distortion. 


Ordinary rubber compounds, of course, can’t fill the bill. 

This rubber part must have exceptional dielectric properties 

and unusual stability under sustained heat. It must resist the 
deteriorating effects of ozone created by electrical discharges. 

In addition, the rubber shield must be precision molded to insure 
proper seating against the side of the television tube. 
Continental engineers, working closely with Ucinite Company 
engineers, have met these exacting requirements. This technical 
cooperation typifies the service in rubber offered by Continental. 


When you need better engineered rubber parts, why not enlist the 
service of specialists in molded and extruded rubber? 


LET US SEND YOU THIS CATALOG 


This new engineering catalog lists hundreds of 
standard grommets, bushings, rings and extruded 
shapes. It will be a valuable addition to your 
working file. Send for your copy today or... 


See our Catalog in Sweet's File for Product Designers 


MANUFACTURERS SINCE 1903 


CONTINENTAL 


RUBBER WORKS 


1982 LIBERTY BOULEVARD » ERIE 6, PENNSYLVANIA 


BRANCHES 
Cleveland, Ohio Konsos 
Dayton, Ohio Los Angeles 
etroit, Mich Memphis, Tenr 

New York, N Y 


ndionopolis, Ind Philodelphio, Pa 


Index of 
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(Continued from page 339) 


Bearings, "Oil-less" 4th Cover, 47, 
72-73, 179, 234 
Bearings, Sleeve 4th Cover, 72-73, 
179, 213, 220-221, 265, 279, 311 
Bellows 42, 57, 307 
Belts 27, 65, 183, 191, 263, 284, 315 
Bolts, Nuts, Screws and Rivets. 14, 63 
160, 194, 226, 244, 264, 
286, 298, 304, 331, 332 
Blowers 262 
Brushes 292, 342 
Bushings & Grommets. 213, 230, 311 
Chains 10-11, 28-29, 32, 212, 331 
Clamps 210 
Clips 320 
Clutches 175, 236, 272, 280 
Collars 194, 286, 328 
Compressors 27, 219, 234, 318 
Containers 269, 284, 302 
Counters 17 
Couplings, Flexible. 10-11, 28-29, 32 
200, 220-221, 235, 344 
Couplings, Hose & Tube 55, 197, 
210, 254 
Drives. 28-29, 32, 175, 191, 292, 316 
Engines 216, 270 
Fasteners 14, 35, 63, 82, 160, 194, 
217, 222, 226, 244, 260, 264, 266, 
286, 290, 298, 304, 310, 
320, 331, 332 
Filters 241, 262, 302, 330 
Flexible Joints 190 
Floats 192 
Gages & Instruments. 167, 228, 292 
Gears 78, 220-221, 223, 230, 256, 
284, 290, 319, 343 
Hose 65, 183, 197, 254, 263, 307 
Hydraulic & Pneumatic Equipment 1, 
22-23, 175, 214, 227, 234, 248, 
253, 254, 258, 262, 271, 282, 
313, 314, 320, 329, 332 
Insulation 333, 346 
Joints 252 
Lubricating Equipment 45, 199 
229, 348 
Materials Handling 253, 331 
Mountings 344 
Мате Plates 315, 336 
Packing, Gaskets, Seals 4th Cover, 
43, 49, 65, 72-73, 172, 179, 183 
230, 252, 255, 263, 273, 340, 346 
Photographic Equipment 
Pins 
Piping ... 
Plugs . 
Power Units 22-23, 227, 234, 248, 
282, 313 
Pumps. .22-23, 27, 214, 219, 227, 228, 
234, 253, 313, 320, 322, 329, 332 
Rings 4th Cover, 72-73, 179, 217, 
222, 255, 310 
Riveting Machines 248 
а 252 
Screw Machine Parts 252 
Shafts coh 316, 318 
Sheaves & Pulleys 27, 313 
Shims ... i2 ND 
Speed Reducers & Motor Reducers 
3rd Cover, 13, 44, 195, 220-221, 
223, 278, 292, 315, 336 
Springs .........46, 50, 196, 320 
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PRODUCTS 
ADVERTISED 


In This Issue 


Sprockets 10-11, 32, 220-221, 


Strainers 
Testing Equipment 167, 228, 291, 
292, 310 
Thermostats 42 
Transmissions. 10-11, 13, 227, 292, 315 
Traps 167, 192 
Universal Joints 220-221, 326 
Valves & Fittings. ..1, 22-23, 45, 167 
192, 214, 227, 248, 262, 298, 304, 
313, 316, 320, 329, 334 
Vibration Dampers. 273, 308, 344, 346 
Washers 160, 252 
Wire Cloth 284, 288, 330 


ELECTRICAL PARTS 


Brushes 4th Cover, 72-73, 179 
Contacts 4, 26, 64, 224 
Controls & Control Equipment 4, 
18-19, 26, 33-34, 44, 76-77, 179, 
192, 206-207, 219, 224, 251, 267, 
268, 271, 272, 275, 286, 314, 
316, 323, 334 
Cords 225 
Drives 251 
Electronic Equipment 219, 291 
Generators 
Heating Units 
Instruments 
Insulators 
Lamps 
Magnets 
Magnetos ... 40 
Motors. .3rd Cover, 18-19, 27, 38-39, 
44, 71, 205, 219, 231, 239, 251, 278, 
285, 303, 308, 324, 336 
Rectifiers 18-19 
Solenoids 18-19, 268, 271, 298 
316, 334 
Thermostats 66, 252, 272, 323 
Timers 205, 286 
Vibrators 4, 26 
Wiring Accessories 18-19, 324 


DRAFTING ROOM EQUIP- 
MENT AND SUPPLIES 
212, 220, 249, 280, 292, 310, 332, 339 


FABRICATING METHODS 
AND SERVICES 


Extruding ... : 208, = 
Forming лл 
Honing 4 209 
Molding. .51, 61, 169, 208, 225, 228, 
230, 252, 312, 326, 330, 340 
Pressing 228, 248 
Riveting : 248 
Shearing i 318 
Spinning 324 
Stamping 280, 318, 345 
Swaging . 212 
Welding . .4, 26, 171, 305, 328 


ENGINEERING AND 
PRODUCTION SERVICES 
60, 200, 280, 326 


BOOKS 


264, 270, 274, 282, 288, 312 
314, 317, 322, 327, 334 


18-19, 219, 291, 


PRODUCT ENGINEERING — FEBRUARY, 1951 


Put These Advantages 
To Work For You! 
Douglas fir plywood is real 
wood, cross-bonded into 

panels thot ore: 
Large, Light, Rigid 


Stronger than Steel 
(pound for pound) 


Rugged, Durable 
Split-Proof 
Puncture-Proof 
Crack-Proof 
Shatter-Proof 
Dimensionally Stable 
Versatile” 
Easy to Handle 
Easy to Saw 
Easy to “Jig” 
Easy to Nail 
Easy to Fasten 
Easy to Give 
Easy to Bend 
Easy to Finish 


*Two types: waterproof-bond 
EXTERIOR; moisture-resistant 
INTERIOR. Several appearance 
grades. Panels 4 x8 most ver- 
satile; smaller ond lorger sizes, 
too—including "extra long". 
Several thicknesses. Produced 
to rigid requirements of U. S. 
Commercial Standar d CS4 5-48. 


Hundreds of Thousands of Boats 


Over 100,000 Railroad Cors 
Have Plywood Siding and Lining 


Interview 
This Worker! 


Past Experience? Plenty! Worked on rail- 
road. Gone to sea. Big construction. 
Building trades. Plant maintenance. 
Remodeling. Packaging, including 
shipping-case work. Product design. Many 
other jobs. Working Habits? Excellent. Gets 
things done. Stable. Easy to work with. 
Versatile. Needs no special tools. Physical 
Condition? Wonderful! Keeps weight down. 
Strong. Tough. Plenty of stamina. Recom- 
mendations? Glad to furnish thousands. 


Want more Details? Just mail the coupon. 


Plywood Shipping Cases 


Are Built with Plywood Are Light, Rigid, Strong 


Piywood Panels and Framing Pieces 
Add Strength, Simplify Application 


Douglas tr 


AMERICA’S BUSIEST BUILDING AND INDUSTRIAL MATERIAL 


Douglas Fir Plywood Association 
Dept. 452, Tacome 2, Wash. 


Please send me the following: 


o 1000 Uses for Dovgias 
Fir Plywood 


[C] Basic Plywood Catalog 





with Fullergript Brushes 


“The Fibers Did Not Fly Out of the 
Brushes as with Previous Brushes” 


Back in 1942 one progressive leather manufacturer saw, in the 
construction of Fullergript brushes, a possible solution to his problem 
of “keeping the fibers from flying out of the brushes”. Fullergript 
engineers were asked to design and build a plate washing brush. It 
was necessary to experiment with different core diameters, different 
brush materials and different trim lengths. The result was the first 
successful application of the Fullergript plate washing brush — a brush 
which has since been widely adopted by tanneries. 


Alert management, by capitalizing on the far greater density of 
Fullergript, had enhanced the thoroughness of brushing and increased 
brush life, and thanks to Fullergript's unique construction had a brush 


where "the fibers did not fly out as with previous brushes". 


Fullergript is increasing production and saving time and money in 
a variety of industries. Have you investigated the advantages of Fuller- 
gript for your own plant? To learn how Fullergript can help you, 
simply write to... 


INDUSTRIAL DIVISION | 


ЇМОЕХ ТО 
ADVERTISERS 


This indes is published as a con- 
venience to the readers. Every 
care is taken to make it accurate, 
but PRODUCT ENGINEERING 
assumes no responsibility for er- 
rors or omissions. 


Acushnet Process Co. . veg 
Adel Division, General Metals 

BN Lees. oS eus VER 
Aeroquip Corp. 

Ahlberg Bearing Co..... 
Alemite ... — 
All American Tool & Mfg. Co... 
Allegheny Ludlum Steel Cor, 
Allen Mfg. Co.......... 
Allis-Chalmers Mfg. Co 
American Cyanamid Co., Plastics 

& Resins Div....... 20-21 
American Engineering Co. Hy- 

draulics Div. 253 
American Felt Co 273 
American Fort Pitt Spring Div. 

H. K. Porter Co., Inc 196 
American Hard Rubber Co 208 
American Lava Corp 53 
American Metal Hose Branch 

American Brass Co 197 
American Smelting & Refining 

Co. 261 
American Screw Co 14 
Amplex Mfg. Co. Div. Chrysler 

Corp. X i 
Anchor Coupling Co.. Inc 55 
Arkwright Finishing Co 310 
Armco Steel Corp 162 
Armstrong Cork Co. (Gaskets, 

Packings & Seals) 49 
Arrow-Hart & Hegeman Electric 

Co. ....33-34 
Austenal Laboratories, Inc. 198 


Bantam Bearings Div. Torrington 
Co. ; 

Barnes Co., Wallace, Div. 
ciated Spring Corp. 

Bead Chain Mfg. Co. 

Bellows Co. . 

Bethlehem Steel Co. 

Bijur Lubricating Corp. 

Blackhawk Mfg. Co. 

Blake & Johnson Co.... ; 

Blood Brothers Machine Co...... 

Bodine Electric Co. 

Boston Gear Works 

Brad Foote Gear Works 

Brainard Steel Co 

Bridgeport Brass Co. 

Briggs & Stratton Corp. 

Bristol Co. 

Brown Corp., W. R. 

Brown & Sharpe Mfg. Co. 

Bundy Tubing Co. 

Bunting Brass & Bronze Co 

Bush Mfg. Co. 290 


Cambridge Wire Cloth Co. 284 
Camcar Screw & Mfg. Co........ 14 
Carpenter Steel Co. cM 
Cash Valve Mfg. Corp., A. W.... 304 
Central Screw Co. nt 14 
Century Electric Co. ........... 251 
Chain Belt Co. mol: ‚10-11 
Chase Brass and Copper Co. Inc. 287 


3648 MAIN STREET 


HARTFORD 2, CONN. | 
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Chicago Metal Hose Corp.. 307 

Chicago Rawhide Mfg. Co 

Chiksan Co. ..... Kis 

Clare & Co., C. P. 

Clearprint Paper Co. 

Clifford Mfg. Co. 

Columbia Steel Co. 

Commercial Shearing and Stamp- 
ing Co. ste 

Continental-Diamond Fibre Co. 

Continental Rubber Works 

Continental Screw Co. 

Crane Co. .... A 

Cuyahoga Spring Co. 


Davidson Rubber Co. . 

Dayton Rogers Mfg. Co. 

Denison Engineering Co. 

Dial Light Co. of America 

Diefendorf Gear Corp. 

Dixie Cowdrey Machine Corp. 

Dodge Mfg. Corp. ... 

Doehler-Jarvis Corp. 

Douglas Fir Plywood Assn. 

Dow Chemical Co. 

Dow Corning Corp. . 

Driv-Lok Pin Co. 

duPont de Nemours & Co., Inc., 
E. 1. (Fabrics & Finishes) 

duPont de Nemours & Co., Inc. 
E. 1. (Plastics) 

Durokool, Inc. : 

Durez Plastics & Chemicals Inc. 
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Eagle Signal Corp. . 

Earle Gear & Machine Co. 

Eastman Kodak Co., Industrial 
Photographic r 


а А il - ? * 
wiseana a| This picture does not 


American 
Brake Shoe Co. 


Шып Сууун к equal 10000 words 


Evenline Products 


m Pencil Co., A. W This is a fine photograph—but men and machines 


Farval Corp. are only part of the story at IGW. It takes esprit de 
Fawick Airflex Co., Inc. 
Federal Bearings Co., Inc. corps (a much overworked term that fits here)—it 
Federal Mogul Corp. (Equi t) я я 
Fenwal, E" "DTP takes pride of workmanship to produce fine pre- 
Ford Instrument Co. iei 
Feller Brush Co. cision gears and parts. 
Fulton Sylphon Div. Robertshaw- 

Fulton Controls Co. Ж This Horizontal Jig Borer is typical of the high precision tools 

designed and built by Indiana Gear for their own use. 
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INDIANA GEAR WORKS + INDIANAPOLIS 7, IND 


PRODUCT ENGINEERING — FEBRUARY, 1951 343 





Compressors must give dependable service under gruelling conditions 
of rough terrain, mud, and constant exposure tothe shock and vibration 
of drilling. Unless protected from shock and vibration, even the most 
rugged equipment is subject to excessive down-time and maintenance. 

Ingersoll-Rand Company solves this problem in its rugged mobile 
"Quarrymaster." Each of the 10,000-pound compressor power plants 
is protected by four LORD Bonded-Rubber Mountings which pre- 
vent shock and vibration from interfering with efficient performance. 
They also prevent excessive twisting stresses in the power plant 
when the “Quarrymaster” is moving over uneven ground. 

Whether your product is large or small, reduction of shock and 
vibration improves performance and accuracy .. . lowers maintenance 
costs ... increases customer satisfaction. Investigate LORD Vibration 
Control Mountings and Bonded-Rubber Parts. Write to attention of 
Product and Sales Engineering Department. 


LORD MANUFACTURING COMPANY, ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corporation, Ltd. 


Vibration-Control Mountings 
... Bonded-Rubber Parts 
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Medium and Heavy Stampings 


Mass-Produced at a pror o Jou 


Home appliances, business machines, automotive prod- 
ucts — just a few of the fields where Geometric Stampings 
are reducing costs for alert manufacturers. (Weight and 
cost savings of 50% are common.) 


Maybe you, too, are using forged or cast parts which 
can be made better, lighter and cheaper as stampings. 
Geometric engineers, with long experience in the 
analysis of all kinds of medium and heavy stamping 


problems, are glad to help you find out — no obligation, 
of course. 


Write today for free booklet — 
“Geometric Craftsmanship” 


GEOMETRIC 
A Subsidiary of 


STAMPING Co. 


Barium Steel Corp. 


1120 E. 200th Street Cleveland 17, Ohio 
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— SEALS 


Most of the walls of the Columbia 
Cellulose Co., Ltd.’s new pulp plant 
in British Columbia are pre-cast 
concrete slabs. When the slabs are 
assembled, strips of RuBATEX Closed- 
Cell Rubber are used to seal the 
vertical joints. 


The unique closed cell structure of 
RUBATEX is non-porous, making an 
efficient insulation. Inert nitrogen 
retained within the cells under 
pressure, provides high compressive 
strength and resiliency. RuBaTex 


—for pre-cast concrete 


wall panel joints provide 


\these advantages: 


4 Resilient—even at 
low temperatures 


4 Excellent insulation 


4 Zero moisture absorp- 


tion—weatherproof 


4 Resists oxidation 


resists oxidation and is rot and 
vermin proof. 

If you have a gasketing, cushioning, 
shock-absorbing, or vibration damp- 
ing problem, try RuBATEX. For most 
applications, RuBATEX can be eco- 
nomically cut from sheet stock. 
RUBATEX is available in natural and 
synthetic stocks and in soft, me- 
dium and firm forms. RuBATEX Divi- 
SION will gladly provide engineering 
advice and assistance. For further 
information, write for Catalog RBS- 
12-49. Great American Industries, 
Inc., Rupatex Division, Beprorp, 
VIRGINIA. 


Photo-micrograph shows how each cell is completely 


sealed by a wall of rubber. The material cannot ab- 


sorb moisture. It has high insulating values, is highly 


» 
resistant to oxidation and is rot and vermin proof. > 


~ 


RU BATE X cost еш see 
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Shown in the photo is a Hamilton-Kruse vacuum tester 
in the plant of Cans, Inc. 


221 points of lubrication are serviced by Trabon here. Prior 
to the installation of Trabon lubricating equipment 

on this machine, more than an hour per shift was required for 
lubrication. Even then, several points were neglected, 
causing expense and delay in replacing scored sleeves. 


With Trabon on the job, the operation runs 
smoothly and economically, turning out 310 cans per minute. 


Include Trabon lubricating equipment in the design 

of your machines. It will increase their value immeasurably. 
Share in Trabon's 20 years of experience in 

designing, manufacturing and installing oil and grease systems, 


TRABON ENGINEERING CORPORATION 
1814 East 40th Street * Cleveland 3, Ohio 
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When ITE Circuit Breaker Co. found it necessary to build their own 
rolling mill to get relatively small quantities of extremely accurate 
strip, they were confronted with the problem of securing compact 
drive units for the rolls, each pair of which must operate at different 
speeds. They found as many others have, that from Master's broad 
line of Gearmotors they could select standard units which would give 
them the RIGHT horsepower, the RIGHT shaft speed in one comphct 
unit that they could use RIGHT where they wanted it. 

Probably you will never design a rolling mill. But the next time you 
need motor drives for your 


plant or product, remember tough problem "-m easy solution 


that Mastei Motors, available 
in thousands and thousands of types and ratings, give you a selection 
you can get nowhere else. 
Open, enclosed, splash proof, fan-cooled, explosion proof . . . 
horizontal or vertical . . . for all phases, voltages and frequencies 
. in single speed, multi-speed and variable-speed types . . . 
with or without flanges or other special features . . . with 5 types 


of gear reduction up to 432 to 1 ratio . . . with electric brakes 


. with mechanical variable speed units . . . and for every type 
‘of mounting . . . Master has them all and so can be completely 
impartial in helping you select the one best motor drive for YOU. 

Select the RIGHT power drive from Master's broad line and you 
can increase the saleability of your motor driven products Fixe durs 
improve the economy and productivity of your plant equipment. 


THE MASTER ELECTRIC COMPANY * DAYTON 1, OBlIO 


ТҮҮ. 






wr: 
Aù main shaft bearings simplify 


design and reduce manufacturing cost of 
GRAPHOTYPE Addressograph plate- 


making machines 


Addressograph plates speed the addressing of millions of pieces of mail 

for America's business every day. These plates are embossed on Graphotype 
machines made by the Addressograph-Multigraph Corporation of Cleve- 

land, Ohio. Graphotype machines take a lot of punishment. Frequently they're 
called on to work 12, 16 or even 24 hours a day without stopping. Thats why 
two Gramix main shaft bearings are so vitally important in this installation. 
Die-pressed of powdered metal mixtures to tolerances as close as .0005”, Gramix 
bearings are oil impregnated for self-lubrication, a feature that has elimi- 
nated many Graphotype service problems. The Addressograph-Multigraph 
Corporation has also found that the use of Gramix bearings simplified 
machine design with resultant savings in production costs. Improved perform- 
ance has reduced service calls. Under severe operating tests no heating, 
binding or scoring was encountered and when the machines were 
disassembled, shafts and bearings were in perfect condition. 

Gramix bearings, bushings, gears and machine parts can be 

made in any practical size and shape. Let us show you how 

Gramix can improve the mechanical performance of your 

product and cut the costs of manufacture. Write us today. 
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THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION * SAGINAW, MICHIGAN 





